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ABSTRACT
The strongest differentiation between the transient (magnocellular) and sustained
(parvocellular) visual pathways, is in terms of colour processing, with the transient
system generally considered to be colour insensitive. This distinction is obvious in both
the anatomy and physiology of the visual system (e.g., Wiesel & Hubel 1966; Gouras
1968; De Valois, Abramov & Jacobs 1966; Schiller & Malpeli 1977).
Both physiological (e.g., Wiesel & Hubel 1966; Derrington, Krauskopf & Lennie 1984)
and psychophysical evidence (e.g., Williams, Breitmeyer, Lovegrove & Gutierrez 1991)
has suggested that transient cells may be suppressed by diffuse red light. The possible
effect of blue light is, however, more complex. No known physiological studies have
demonstrated an effect of blue light on transient system activity, nevertheless,
psychophysical studies have demonstrated what has been interpreted to reflect an
increase in the speed and extent of transient system activity with blue light (e.g., Williams
et al 1991; Williams, Weisstein & LeCluyse 1990; Williams & LeCluyse 1992). This
conflict is serious, as no explanation has been extended to indicate how transient system
activity is affected by blue light, and justifies further research, both from a theoretical
aspect, and for the remedial implications for specific reading disabled children, many of
whom are hypothesised to suffer a transient system deficit (Williams & Lovegrove
1992). Furthermore, previous psychophysical experiments appear to suffer
methodological limitations such as small sample sizes. The aim therefore, was to explore
the extent and range of the effects of both red and blue light on transient system activity
over different psychophysical measures, and experimental conditions, with the intention
to discriminate the basis for such colour effects.
The first series of experiments consisted of a sequence of metacontrast experiments;
hypothesised to reflect transient and sustained interactions. A reliable metacontrast
paradigm was established in Experiment 1, then the metacontrast design was combined
with coloured backgrounds (Experiment 2), masks (Experiment 3), and coloured masks
in dark or light conditions (Experiment 4). In most cases, the shape of the metacontrast
function reflected a decrease in transient system activity in red conditions, however, in
no case was an effect of blue light demonstrated. These results supported many original
psychophysical studies, but are in similar conflict with studies by Williams and
colleagues. The second series of experiments were designed to extend the metacontrast

studies by utilising further measures of transient activity. However, as with the
metacontrast experiments, measures of visual reaction time, visual temporal order
judgement, and ternus apparent motion similarly failed to demonstrate any clear colour
effects.
Based on methodological differences between Williams' studies, and those in this thesis,
the final study utilised different contrast masks in the metacontrast design from the first
series of experiments, in an attempt to simulate the colour effects demonstrated by
Williams and colleagues.
This attempt was successful, such that high, medium and low contrast masks paralleled
the metacontrast changes demonstrated by Williams and colleagues, using blue, grey and
red masks respectively.
The results demonstrated in this thesis are consistent with original psychophysical
measures of transient system activity, as well as the known properties of the transient
system, such that, blue light appeared to have no effect on transient system activity, with
only red light indicating a decrease in the extent of transient system activity. This
suggests, that conclusions regarding the differential effects of wavelength on transient
system activity may be premature, possibly reflecting a colour/contrast confound. The
resuhs are discussed in terms of technical limitations inherent in many psychophysical
studies, and further research is suggested regarding remedial applications with SRDs, as
well as other possible visual confounds, such as saturation.
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CHAPTER 1
Parallel Processing in the Visual System

To construct a comprehensive visual scene we use information such as colour, depth,
luminance, spatial frequency, temporal frequency, movement and form. These perceptual
qualities unite to form a visual experience, such that we are rarely aware of the precise
synthesis necessary from all of these features to construct an harmonious picture.
Research has suggested that such information is carried by separate, parallel neural
channels to be integrated in a comprehensive way in the visual cortex. Because of the
nature of the information carried by these different channels, their morphology and
perceptual properties may be determined by physical and psychophysical research.

1.1 Phvsioloeical Studies
1.1.1 The Functional Specialisation of Retinal Ganglion Cells
Retinal Ganglion Cells (RGCs) integrate information received from the photoreceptors
via bipolar cells. Their axons then leave the retina as the optic nerve, terminating
primarily in the Lateral Geniculate Nucleus (Nolte 1993).

7.7.7.7 X and Y Cells
Enroth-Cugell and Robson (1966) used grating bars varying in contrast, spatial
frequency, and drift to measure the sensitivity of cat retinal ganglion cells. Depending on
the contrast and spatial frequency of the test grating, the strength with which larger
diameter cells responded to the introduction and withdrawal of a stimulus pattern, was
independent of the position of the pattern. The same cells also responded strongly to

moving gratings and exhibited little uniform contrast sensitivity function across cells.
These cells were categorised as Y cells and were contrasted with the smaller diameter X
cells. Compared to Y cells, Enroth-Cugell and Robson determined that X cells
demonstrated the following properties: Linearity between signal input from different
receptive field locations and signal transmission; little increase in mean discharge
frequency with drifting grating patterns; and a peak contrast sensitivity at approximately
0.5 cycles/degree, decreasing at lower and higher spatial frequencies, with a reduction
and flattening of the function at lower levels of mean retinal illumination. The results
from the Enroth-Cugell and Robson experiments indicate clear distinctions between X
cells and Y cells in terms of contrast sensitivity and transmission characteristics.
Saito, Shimahara and Fukada (1970) subsequently identified cells that gave phasic
responses to stationary flashing stimuli, and cells that gave tonic responses. It was later
suggested (Fukada 1971) that such cells may correspond to X and Y cells, adding that Y
cells have faster conducting axons, larger receptive fields, and larger axons compared to
type X cells. This was later supported by similar research (e.g., Cleland, Dubin & Levick
1971; Stone & Hoffman 1972; Cleland, Levick & Sanderson 1973; Boycott & Wassle
1974). However, these transmission characteristics appear to depend on stimulus
conditions (Hammond 1975; Jakiela, Enroth-Cugell & Shapley 1976). Furthermore, cells
in both groups respond to the presentation of a stimulus with a phasic burst of firing, but
in X cells the response is continued for as long as the stimulus is presented (Cleland,
Dubin & Levick 1971; Cleland, Levick & Sanderson 1973). Both types of cells appear to
be distributed across there retina with a predominance of X cells in the fovea (Stone
1965; Boycott & Wassle 1974).

Parallel pathways in the cat, are therefore primarily of two types: X cells which are
smaller, slower conductors of high spatial frequency information; and Y cells which are
bigger, faster, and specialised for the transmission of contrast change, form, and
movement. A class of RGCs, that do not fall into the X or Y classification, are W cells
(Stone & Hoffman 1972; Hoffman 1973; Cleland & Levick 1974; Stone & Fukuda
1974). These cells are rarely encountered: Barlow and Levick (1969) report less than 1%
of recorded cells, while Rodieck (1967) and Cleland, Dubin and Levick (1971) similarly
report approximately .5% of cells measured to be of this type. These cells are
characterised by slower conduction velocities than X or Y cells (Boycott & Wassle
1974), and appear to encompass properties of both X and Y cells. The W cells project
primarily to the superior colliculus rather than the LGN (Mize & Hockfield 1989).

1.1.1.2 The Primate Visual System
Hubel and Wiesel (1960) demonstrated that RGCs of the Spider Monkey have
concentrically arranged receptive fields with antagonistic surrounds. The receptive field
size increases with increasing retinal eccentricity, and a number of the cells are colour
sensitive. De Monasterio and Gouras (1975) replicated and extended these results.
Projecting circular or annular stimuli of different wavelengths on black, white, or
coloured backgrounds, they identified 26 different types of cells which they classified
into three major classes with further subclass divisions. The three main classes of cells
were colour-opponent, broad-band, and non-concentric cells.
The colour-opponent cells were by far the most common cell recorded (63%), and were
concentrated toward the fovea of the retina. They responded in a sustained manner to

constant stimuli and had concentrically arranged receptive fields. Cone mechanisms
antagonistically mediated the centre and surround receptive field responses.
The second class of cells were classified as broad-band. These cells tended to have
concentrically arranged receptive fields with strong antagonistic surrounds, but in general
did not show any colour-opponent characteristics. Such cells responded transiently to
constant stimuli and were concentrated primarily in the parafovea and periphery.
The last class of cells classified by De Monasterio and Gouras (1975) were termed nonconcentric and were divided into two different types, one which were mostly
characterised by their responsiveness to moving stimuli, and the other by the unusually
phasic responses to 'on' and/or 'off phases of the light stimulus. Subsequent studies by
other researchers have demonstrated similar categorisations (e.g., Schiller & Malpeli
1978; De Monasterio 1978; Merigan & Eskin 1986).
In reviewing the similarities between cat and primate RGCs, Shapley and Perry (1986)
point out that distinctions between the different classes of cells (X/Y and colouropponent/broadband) may be made on general factors such as sensitivity for pattern
detection or movement. However, caution should be exercised when comparing cat and
primate retinas with more specific distinctions, such as sensitivity for contrast and spatial
frequency interactions, or colour. This view is also shared by other authors such as
Livingstone and Hubel (1987). It is clear however, that functional divisions exist at least
as early in the visual system as the retina.

1.1.2 Cellular Specialisation at Other Precortical Sites
After partial decussation in the optic chiasm, approximately 80% of fibres in the optic
tract terminate in the Lateral Geniculate Nucleus (LGN), the thalamic relay nucleus for

vision. The remaining 20% project to the superior colliculus in the midbrain, or the
hypothalamus (Sekuler & Blake 1985; Nolte 1993).

1.1.2.1 The Lateral Geniculate Nucleus
As with the retinal ganglion cells, distinct morphological differences exist between cells
in the lateral geniculate nucleus. Investigating the cells in the LGN of the rhesus monkey,
Wiesel and Hubel (1966) reported clear distinctions between cells in the dorsal and
ventral layers of the LGN in terms of their spatial and chromatic properties. Cells in the
dorsal layers were primarily classified as Type I and Type II cells, characterised by
colour-opponent mechanisms which were, respectively, spatially and non-spatially
concentrically segregated. Ventral layers of the LGN primarily constituted Type IV, cells
which demonstrated spatial segregation with an excitatory centre and inhibitory
surround. Type IV cells were generally colour insensitive, with the surround responding
in an inhibitory way to diffuse red light. Type III cells were present in both the dorsal and
ventral layers of the LGN, and were concentrically segregated, with the centre and
surround having identical spectral sensitivities.
Cells in the four dorsal layers of the LGN have subsequently been termed parvocellidar,
with cells in the ventral layers, called magtiocelltdar (e.g., Leventhal, Rodiek & Dreher
1981; Livingstone & Hubel 1987). Parvocellular neurones appear to correspond to the
Type I and Type II neurones identified by Wiesel and Hubel (1966), and magnocellular
neurones to Type III and Type IV cells.
Physiologically, the cells in the lateral geniculate nucleus are, to a large degree,
predetermined by retinal ganglion cells. Cells in the parvocellular layers of the LGN are
characterised as being small, densely packed cells that are colour opponent (Kaplan &

Shapley 1986; Shapley 1990). Magnocellular neurones are two to three times larger than
parvocellular cells (Derrington & Lennie 1984), suggesting a greater sensitivity to lower
spatial frequencies. Such cells are more sensitive to luminance contrast, can follow
higher frequencies of temporal stimulation because of their shorter latency and decay
time (Schiller & Malpeli 1978; Kaplan & Shapley 1986), and the neurones are either
entirely broad band, or have broad band centres with surrounds that are tonically
suppressed by diffuse red light (Wiesel & Hubel 1966; Schiller & Malpeli 1978;
Derrington, Krauskopf & Lennie 1984).

1.1.2.2

The Superior Collicidus

In general the function of the superior colliculus compared to other visual centres in the
brain is poorly understood (Nolte 1993). Wurtz, Goldberg and Robinson (1982) have
provided evidence to suggest that the superior colliculus is involved in the initiation and
guidance of eye movements, and cellular innervation is primarily by transient neurones.
This is evident in the cat (Fukuda & Stone 1974; Schiller & Malpeli 1978), as well as
the primate visual system (Leventhal, Rodiek & Dreher 1981). However, Breitmeyer
(1984) points out that the cells found in the superior colliculus may relate more closely
to W cells than to transient cells. This suggestion is supported by Goldberg and Wurtz
(1972), who found that the cells in the superior colliculus will respond to a range of
stimuli regardless of shape, brightness, or orientation.

1.1.3

Cortical Processing

The focus of this thesis is in pre-cortical processing of visual information. The material
presented in this section will therefore be brief, and in no way intended to do justice to

the vast amount of information collected regarding the nature of information processing
in the visual cortex.
The parallel nature of processing visual information at pre-cortical sites appears to
continue through to the striate and extra-striate cortex. Psychophysical and physiological
studies of the primate cortex have determined that at least three pathways diverge from
the Magnocellular/Parvocellular distinction in the LGN. The Magnocellular pathway
appears to maintain its specialisation for luminance and motion information, continuing
through to layers 4Ca of the 6-layered visual cortex (Livingstone & Hubel 1987). The
Parvocellular pathway divergs to form two separate pathways. One pathway continues
on to innervate cells in the 4CP, interblob layer, and is concerned with high spatial
frequency information. The cells from the second pathway terminate on structures in
layers 2 and 3, called blobs (Livingstone & Hubel 1987), and are concerned with colour
information. The properties of these pathways have been reviewed extensively (e.g.,
Underleider & Mishkin 1982; Livingstone & Hubel 1984; Hubel & Livingstone 1987;
Livingstone & Hubel 1987; DeYoe & Van Essen 1988; Hubel 1988; Tyler 1990; Stryker
1992). The relationship between the Parvocellular > blob pathway and colour processing
will be discussed in Chapter 5.
Merigan and Maunsell (1993) however, debate the almost universal acceptance of
discrete, parallel visual pathways through to the cortex. They argue that the
interconnections apparent between the systems, particularly contributions of the
Parvocellular pathway to the Magnocellular > cortical pathways, preclude any firm
conclusions regarding their independence.

It would appear then, that at all levels of visual processing, there is some degree of
cellular specialisation. The extent however, to which such specialisation remains
independent from other pathways is still open to debate, as is the persistence of such
specialisation at each consecutive site of processing.

1.2 Psvchophvsicai Studies
1.2.1

Properties of Magnocellular and Parvocellular Neurones in the Lateral
Geniculate Nucleus

Livingstone and Hubel (1984, 1987, 1988), in particular, have employed a wide and
varied range of psychophysical tasks in order to investigate perceptual properties of the
pathways in the LGN, generating conclusions that have frequently been supported by
physiological evidence.

1.2.1.1 Colour.
A vast number of physiological, anatomical, as well as psychophysical studies have been
conducted into the colour properties of the visual pathways. Indeed, the strongest
differentiation between the two systems is in terms of colour and it is generally
considered (Wiesel & Hubel 1966; Gouras 1968; Schiller & Malpeli 1978; De Valois,
Abramov & Jacobs 1966) that the transient system is colour insensitive, while
approximately 90% of cells in the parvocellular layers are colour sensitive. The
physiological and perceptual effects of colour on magnocellular and parvocellular activity
will be discussed in detail in Chapter 5.

1.2.1.2 Movement
Livingstone and Hubel (1984; 1987) in a series of experiments, coupled colour,
luminance, and spatial frequency information with movement information. They
concluded that the magnocellular system appears to be primarily responsible for the
perception of movement. In one experiment, Livingstone and Hubel used a red/green
sine wave grating with the red and green components 180 degrees out of phase, moving
downwards at a rate of one cycle per second. They varied the relative brightness of the
red and green components, and found that the perception of motion was lost at, and
around, the point of equiluminance. this insensitivity to motion with equiluminance
suggests that motion information is carried by the magnocellular system, which is
insensitive to colour. Furthermore, reproducing an experiment by Campbell and Maffei
(1981), they found that patterns on a slowly rotating disc appeared to almost stop
moving when the pattern was of a high spatial frequency, exploiting the fact that the
magnocellular system conveys low spatial frequency information, and the parvocellular
system mediates high spatial frequency information. These findings are supported by
Cavanagh, Tyler and Favreau (1984), who demonstrated that the motion perceived with
red-green or blue-yellow drifting sine-wave gratings decreased dramatically when the
gratings were presented at isoluminance. Similarly, Ramachandran and Gregory (1978),
using Julesz random-dot stereograms as a measure of apparent motion, found that the
perception of motion decreased when the displays reached isoluminance. These results
are further supported by physiological studies. For example, Derrington and Lennie
(1984) demonstrated that magnocellular neurones have peak sensitivities occurring at
higher temporal frequencies than parvocellular neurones. Furthermore, this demarcation

between colour and motion perceptibn is reported by Zeki (1977, 1978) to extend to the
visual cortex. However, the assumption that perceptions which disappear at isoluminance
must be independent from the system mediating colour perception may be a questionable
one. Schiller and Colby (1983) found that cell activity in the parvocellular layers of the
LGN could be nulled at isoluminance, while the reverse was the case with cells in the
magnocellular layers. Similarly, Schiller, Logothetis and Charles (1991) measured the
contribution of the two channels to perception at isoluminance and found no difference
from normal in the detection of stereopsis, texture, or motion at isoluminance. Direct
intracellular recordings also revealed that both parvocellular and magnocellular responses
were only reduced but not removed at isoluminance. Lesion studies, however, have
suggested little contribution from the magnocellular pathway to low and medium
temporal frequencies, with some contribution to low spatial frequencies and high
temporal frequencies (Merigan & Maunsell 1990).

1.2.1.3 Depth
Depth, as measured by random dot stereograms and visual illusions, also appears to be
mediated by the magnocellular system. Retinal rivalry resulting from each eye viewing a
scene through a different colour, has no effect on the sensation of depth from
stereograms, suggesting that colour does not have a large role in stereopsis. Similarly
when Livingstone and Hubel generated red/green stereograms, and varied the relative
luminances, they found a tendency for depth perception to fail at equiluminance - a
finding supported by other researchers (e.g., Lu & Fender 1972; De Weert & Sadza
1983). Furthermore, when varying the luminance of the dots relative to the background,
Livingstone and Hubel found that, at the low luminance levels mediated by the

magnocellular system the sensation of depth was maintained, but the ability to
discriminate the individual dots was lost, suggesting a lack of parvocellular input.
Similarly, using stereograms in which the background varied in spatial frequency (as
determined by viewing distance), the perception of depth was lost at the parvocellularmediated high spatial frequencies.
Non-stereoscopic depth cues also appear to break down when viewed at equiluminance.
For example, scenes with high spatial frequency information toward the rear, which are
used to demonstrate the illusion of depth, lose this illusion when the figures are
equiluminant to the background. In a similar way the illusion of depth created by
shading, is also lost if the dots used to create the shading are equiluminant with the
surround, as does the perception of depth occurring from partially occluding one shape
by another. Ingling and Grigsby (1990), also utilising visual illusions, have however,
suggested that depth and form perception may be mediated by the parvocellular system.
They presented subjects with visual illusions perceived as visual afterimages. The bright
after-effect of the depth illusion, visible in a dark room, persisted consistently for more
than ten minutes. The researchers argue that the perception of depth must be mediated
by a system that maintains a sustained response, such as the parvocellular system, rather
than a system that responds transiently.

1.2.1.4 Form
As pointed out by Livingstone and Hubel (1987), it is almost impossible to demonstrate
the dependence of the perception of form on a single system, because of its
interdependence with other aspects of vision; it is impossible to perceive a colour
without it occupying some form. However, their results suggest that different aspects of
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form perception may be mediated by each of the two different systems. For example,
some of their results suggest that thet-e is a tendency for images to fade, and that there is
a reduction in acuity with equiluminance. When they tested the acuity for black and
white stimuli, and coloured contrast stimuli over a range of intensities, including
equiluminance, at different eccentricities, they found that acuity fell by a factor of
approximately two at each eccentricity. Similarly, while viewing large spots
equiluminant to the background, there is a tendency for the edges or contours to
disappear after about one second of fixed viewing. Shape discrimination, however, is
possible at both low luminance contrasts and equiluminance suggesting an input from
both the magnocellular and parvocellular systems.

The conclusions made by Livingstone and Hubel were that the magnocellular system
appears to mediate those aspects of vision concerned with motion, depth, edges, and
contours resuhing in a system concerned with the location of objects in space. Schiller,
Logothetis, and Charles (1990a), made parvocellular or magnocellular lesions in the
lateral geniculate nucleus of rhesus monkeys, and measured the subsequent abilities to
discriminate luminance contrast, colour, pattern, size, shape, texture, flicker, brightness,
stereopsis, and motion. Parvocellular lesions resulted in deficits in luminance contrast at
high spatial frequencies, colour discrimination, high spatial frequency patterns, small size
detection, texture, stereopsis (contrary to Livingstone & Hubel 1987), and motion, at
high contrasts. Magnocellular lesions resulted in the animal having problems detecting
stereopsis at low spatial frequencies, high frequency flicker and motion. The judgment of
brightness and low spatial frequency form was unaffected by either lesioning.

The examples of briefly conflicting research presented here demonstrate that different
aspects of a visual scene, such as depth and form, are not solely mediated by either of the
two visual pathways. If investigated with the correct parameters, each system can
demonstrate properties generally attributable to the other. What the majority of the
research suggests is that the parvocellular and magnocellular systems demonstrate
different sensitivities to different types of visual information as presented in Table 1.1.

1.2.2 The Transient and Sustained Dichotomy
The terms "transient" and "sustained", have been used (e.g., Cleland, Dubin & Levick
1971; Breitmeyer & Ganz 1977; Breitmeyer 1984) to describe the responses of the visual
system which show preferential sensitivity to different types of visual information. For
example, the transient system is sensitive to stimulus onset and offset, low spatial
frequencies, low contrast, depth, and movement, while the sustained system responds
throughout the duration of a stationary or slowly moving stimulus, and is most sensitive
to information such as high contrast, high spatial frequencies, and colour (refer Lennie
1980; Stone 1983; and Breitmeyer 1984 for reviews). The parallels between the transient
system and the magnocellular, system as well as the sustained system and the
parvocellular system, are clear. Indeed, the terms transient and sustained are commonly
used when referring to psychophysical data, whereas magnocellular and parvocellular (or
magno and parvo) are generally used in conjunction with physiological data (Breitmeyer
1984; Badcock & Smith 1989). A more comprehensive analysis of the effects of factors
such as colour and contrast will be reviewed in Chapters 6 and 11 respectively.

1.2.3

Equating the Transient and Sustained Systems with the Neurophysiological
Research

Strong parallels exist between the three descriptions of cellular differentiation; the X/Y,
magnocellular/parvocellular and transient/sustained pathways, these parallels and
distinctions are summarised in table 1.1.
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Table 1.1 Sensitivities to different visual measures over the different cellular
classifications.

Despite the similarities in function between the cell types, such classifications can be
constraining and in some cases misleading. Stone (1983) points out differences between
cells in the LGN of the monkey and the cat: The X-cell correlate in the primate is more
developed and specialised than that in the cat, while W cells are found far less frequently
in the primate compared to the cat. Furthermore, in scotopic conditions, the transient
system becomes sluggish and the responses may be indistinguishable from sustained

responses (Jakiela, Enroth-Cugell & Shapley 1976). In another example, the transient
system is colour insensitive, but can be attenuated by diffuse red light (Wiesel & Hubel
1966; Dreher, Fukuda & Rodiek 1976; Kruger 1977; Derrington, Krauskopf i& Lennie
1984). Shapley and Hochstein (1975) point out that X and Y cells in the LGN vary in
their "transientness" and "sustainedness", based on the relationship between spatial
summation and response dynamics.
Given the limitations highlighted by researchers such as Stone (1983), and Breitmeyer
(1984), it is important to recognise that the visual properties attributed to the transient
and sustained systems are not the exclusive domain of one system, but simply reflect the
general preferential conditions to which each system responds.

1.3 Conclusions
Trans-species studies of the transmission of visual information suggest that it is carried
by at least two independent, parallel neural pathways; one system responds quickly to
information that allows the animal to form a global analysis of where art object is in its
visual field, whether it is moving, and what it might be. The second, slower system
transmits a more detailed analysis about colour, pattern, and the relationship of the
object to other objects in its visual field. Allowing for the important limitations emerging
from cross species studies, and the behaviour of individual cells under different
environmental conditions, it is clear that the accurate and clear perception of a visual
scene is a complex integration of different types of visual information, carried out at all
pre-cortical and cortical levels of the visual system.

CHAPTER 2
MEASURING TRANSIENT AND SUSTAINED FUNCTIONING

The information carried in each visual channel is not necessarily exclusive to either
channel. The distinctions drawn in the preceding chapter refer only to the heightened
sensitivity of one system over another for different types of visual information. There is
some degree of overlap between the two channels, and a large degree of interaction.
Indeed it is the inhibitory and facilitatory interactions between the two channels that
allows us to perform complex visual tasks such as reading or driving. In tasks such as
visual masking or apparent motion, researchers exploit the fact that the two systems are
sensitive to different aspects of the visual scene and are able to explore important
distinctions such as temporal differences between the two systems.

2.1 Metacontrast Masking
Visual masking, a term probably coined by Pieron in 1925 (Kahneman 1968), refers to
the reduction in visibility of a target stimulus by another stimulus, the mask, which is
presented in close temporal and /or spatial contiguity (Kahneman 1968). There are two
general classes of visual masking; forward or backward masking, of which conditions
such as metacontrast and paracontrast masking respectively, are examples. The
presentations of the target and mask are usually separated by a given or variable interval.
Indeed in situations such as metacontrast masking, it is the timing between the target and
mask which is the critical variable. The timing between the target and mask is usually
discussed in terms of the interstimidus interval (I SI) or the stinndus onset asynchrony
(SOA). The ISI refers to the latency between the offset of the first stimulus, and the

onset of the second (in the case of backward masking, the target is in the former
position, and the mask in the latter). Alternatively, SOA refers to the timing between the
onset of the first stimulus, and the onset of the second, and thus includes the duration of
the first stimulus (Kahneman 1968; Felsten & Wasserman 1980).

2.1.1

Background

Metacontrast masking refers to the situation in which the mask does not spatially overlap
the target, and follows the target at variable time intervals. For example, one of the
eariiest metacontrast studies was conducted by Alpern (1953), in which subjects were
required to match the brightness of a stimulus presented to one eye, to the brightness of
a stimuli presented to the other eye. The mask consisted of two additional patches of
light, that appeared on either side of the test patch, at SO As ranging from -100 to 300
msec. The ISI intervals commonly used in metacontrast experiments usually range
between 10 and 300 msec (Alpern 1953; Kahneman 1968; Lefton 1973; Breitmeyer
1984). Metacontrast masking is usually characterised by Type B masking. The typical
function is such that accuracy decreases with increasing ISI to a point of maximum
masking at an ISI of between 30 and 100 msec. The term Type B masking is used
interchangeably with the term U-shaped masking, the latter term being derived from the
shape when the dependent variable (for example accuracy, or percent detection) is
plotted as a function of delay (Fehrer & Smith 1962; Kolers 1962; Kahneman 1968;
Lefton 1973; Breitmeyer & Ganz 1976). The temporal relationship between the target
and the mask is critical in metacontrast masking, and peak masking usually occurs when
the mask follows the target by approximately 30 to 100 msec (e.g., Alpern 1953; Werner

1935; Weisstein 1966; Stewart & Purcell 1970; Flaherty & Matteson 1971; Breitmeyer
& Williams 1990).
2.1.2 Interactions Between Transient and Sustained Pathways
Psychophysical studies of perceptual experiences such as visual masking or apparent
motion have suggested that the transient and sustained systems are mutually inhibitory
(Breitmeyer 1978; Von Grunau 1978; Braddick 1980; Breitmeyer, Rudd & Dunn 1981;
Breitmeyer & Ritter 1986 a and b; Williams, Breitmeyer, Lovegrove & Guitierrez 1991;
Greer & Williams 1995). Singer and Bedworth (1973) measured physiological responses
to light stimuli on the X and Y cells at pre-cortical sites such as the LGN, the optic
radiation, the superior colliculus, and the reticular formation of the cat's visual pathway.
They concluded that because of the timing of the observed latencies of X cells responses
and interneuron transmission, the early inhibition of X cells could only be mediated by Y
cells, as Y cells are the only cells which are able to respond with such a short latency.
Breitmeyer (1984) further points out that the transient response produces a short latency
inhibition, predicting therefore that the sustained on transient response should be a
longer latency effect.
2.1.2.1 Related Variables in Metacontrast Masking
The nature of the inhibitory interactions between the target and the mask are not
obvious, and are further subject to a variety of factors and oflen complex interactions,
such as the relative luminance intensities of the displays (Schiller 1966; Cox & Dember
1971), spatial contiguity (Cox & Dember 1971; Leflon 1973), physical similarity (Uttal
1970), and retinal eccentricity (Turvey 1973; Breitmeyer 1978). The following variables

which will be discussed, are directly relevant to the factors manipulated in the series of
experiments to be presented in this thesis. Refer to Breitmeyer (1984) for a more detailed
and comprehensive review of other factors that affect the shape and extent of the
metacontrast function.

2.1.2.1.1

Lumwaiice/CotUrast

Influences of the luminance and/or contrast of the

target and mask in metacontrast masking, has often resulted in conflicting conclusions. In
many cases, both contrast and luminance is manipulated, as well as other factors such as
stimulus size or timing, making conclusions regarding the specific nature of luminance or
contrast influences difficult. The following studies are some examples of the procedures,
results and conclusions regarding the effects of luminance and/or contrast on the shape
and extent of metacontrast masking. Appendix 4 contains the results from a more
comprehensive collection of studies, and further studies will be reviewed in Chapter 10.

Alpern (1953) explored the influence of luminance factors on metacontrast masking, by
requiring subjects to make a brightness judgement regarding a small rectangle relative to
a standard comparison. The target was presented for 5 msec, as were the masking
rectangle flashes. Testing SOA values up to 300 msec, Alpern found in initial
experiments, that there was a reduction in the perceived brightness of the test at
approximately 100 msec, when the comparison stimulus was at 10.61 foot-lamberts (fL)
(36.35 cdW), and the mask was 36.4 fL (124.71 cdW), i.e., at peak masking the test
stimulus had to be at approximately 100 fL (342.6 c d W ) in order for the subject to
judge it equal in brightness to the comparison stimulus, compared to approximately 10
fl. at higher and lower SOAs. Subse(|uent studies in this paper show that the magnitude

of metacontrast decreases with corresponding decreases in the luminance of the mask
(from 3000 down to 0.1 fL). This effect coincided with the point of maximum masking
occurring at higher delays with an increase in mask luminance.
Dember and Chambers (1975) varied target brightness against a constant grey
background, thereby exploring the effects of both brightness, and contrast on
metacontrast. They presented subjects with a disc within an annulus, either to the right or
left of centre, and the subjects task was to determine the location of the target within
either the left or the right ring. The brightness of the target varied from the darkest at 0.7
fL (2.4 c d W ) , to the brightest at 6.5 fL (22.27 cdW), and the background was 10 fL
(34.26 cd/m^). Therefore, the brightest target was also the condition with the lowest
contrast ratio. The brightness of the mask was set to be the same as the highest contrast
test condition, i.e., 0.7 fL. Their results suggested that as the brightness of the target
increased (contrast ratio decreased), the target became harder to see for both mask, and
no mask trials. Furthermore, an interaction between masking condition and targetbackground contrast suggests that low contrast targets were more vulnerable to masking
than highly visible, high contrast targets.
Fehrer and Smith (1962) similarly investigated luminance factors on a dark background,
thereby also manipulating contrast. They presented subjects with a rectangle of light,
flanked by two other rectangles as masks. The target was presented foveally for 50 msec
at five different test stimulus luminances; 0.1, 0.08, 0.05, 0.025, and 0.01 fL (0.34, 0.27,
0.17, 0.09, and 0.03 c d W ) against a dark background. The mask was also presented for
50 msec at 20 fL (68.52 c d W ) . Subjects were required to determine if only the mask
had been presented, or if both the mask and the test had been presented. They found that
accuracy increased overall with increasing target luminance, and that for each luminance

condition there was a monotonie metacontrast function with percent correct
discriminations increasing with increasing SOA. In subsequent experiments, where
subjects were required to judge the relative luminance (which was brighter) of a pair of
displays of different SOAs, the results were summarised as follows: At high luminance
levels (20 fL), nonmonotonic masking functions were found, with the point of maximum
masking around 75-100 msec. At lower luminances, simultaneous presentations resulted
in strong masking. Increases in delay resulted first in the brightening of the test flash, and
then later in marked darkening. With very dim displays (0.1 fL), monotonie metacontrast
functions were found such that apparent brightness increased with increases in delay.
Matteson (1969) used the same brightness judgement technique as Alpern (1953), where
subjects were required to judge the luminance of a stimulus presented 1.5 degrees above
a fixation point, compared to a standard set at 1.5 degrees below fixation. They used the
same dependent measure as Alpern (1953), and found the amount of metacontrast
increased with surround size, however the perceived luminance of the test decreased
with increasing surround luminance. There also appeared to be little or no shift in peak
masking with differences in either luminance or duration.
Lefton and Newman (1976) however, obtained monotonie rather than U-shaped masking
effects when investigating the effects of scotopic and photopic luminance levels on
metacontrast, using a target detection paradigm. In their third experiment, they employed
four different background luminance levels using a black disc on a white background;
50.2, 12.5, 3.16 and .25 c d W . All conditions revealed a significant (monotonie) effect
of SOA, however in the darkest background condition ( also the condition with the
lowest contrast) it was significantly harder to detect the presence of the target overall,
compared to the other conditions with higher background luminance (contrast) levels.

They concluded that scotopic viewing conditions made the overall task more difficult,
but the difference in luminance levels failed to change the nature of the metacontrast
function.
Arand and Dember (1978), however, found greater monotonie masking at relatively
lower luminance levels (the lowest was still .5 fL, or 1.71 c d W ) , using black discs and
masking rings on a white background.
Burr (1984) presented subjects with à horizontal bar, either above or below fixation,
with two adjacent horizontal bars as masks. Subjects rated the apparent reduction in
luminance of the target (at a given SOA), compared to that of a standard metacontrast
sequence with an SOA of 40 msec. The dependent measure was the difference between
the perceived luminance increment of the test bar, compared to the actual luminance
increment. The displays were presented for five msec, and the entire display sequence
was strongly photopic, with the background at 250 cd W the displays at 500 c d W , and
the contrast at 33%. Strong metacontrast was found with a peak at 30-50 msec. By
graphing the ratio of apparent luminance to the actual luminance, as the weighted least
squared fit, they further calculated that the strength of metacontrast is contrast
independent, and found metacontrast even at threshold.
The overall conclusions here are unclear. However it appears that, whether the
metacontrast function is U-shaped or monotonie, the target becomes harder to see when
target and/or mask contrast decreases, overall brightness decreases, or brightness of the
target relative to the mask decreases, while leaving the shape of the function relatively
intact.

2. L 2.1.2

Black displays on a white background

It is clear from most of the

research presented above, that most displays are either bright on a bright background, or
white on a dark background. There is some research to suggest that different processes
may be involved, depending on the sign of the contrast.
Sherrick, Keating and Dember (1974) investigated the effects of black and white stimuli
on two different luminance environments. In the high luminance condition, the white
display was 54 millilamberts (mL) (171 c d W ) and the dark display was 2 mL (6.4
cd/m^), presented on a grey background of 28 mL (89 cdW). For the low luminance
condition the luminance values for each item were half of that in the high luminance
condition, such that, for each condition, the contrast ratio for each figurai stimulus was
93%. The target, a disc, was presented for fifteen msec and the mask, an annulus, for
100 msec and subjects were to indicate the location of the target, either to the left or
right of fixation. Masking was determined for each condition, and combinations thereof,
at an ISI of zero. Considering only the cases where the target and mask were black or
white, in the high luminance condition the dark display produced only 20% absolute
correct detection, while the white display produced 80% correct detection, whereas in
the low luminance condition the dark display resulted in 28% correct detection, and the
white display resulted in 62% correct detection. These results clearly demonstrate that a
dark display on a grey background is more susceptible to masking than a light display on
a grey background, even when contrast is held constant. Indeed, Matteson (1969. p.
1461) points out that ;
'".Although metacontrast has been obtained with black figures on white surrounds
(Mayzner, Blatt, Buchsbaum, Friedel, Goodwin, Kanon, Keleman & Nilsson 1965;
Weisstein & Haber 1965; Weisstein 1966), a number of studies have failed to find

metacontrast, finding instead maximum reduction of detectability when surround and
test stimuli are simultaneous (Kahneman 1968). It has been suggested that the
mechanisms involved in masking of black figures are quite different from processes
underlying metacontrast with bright stimulus figures (Eriksen & Hoffman 1963,
Kinsbourne & Warrington 1962, Kahneman 1965), but many studies that have failed to
obtain metacontrast were conducted at low luminance levels''
Weisstein and Haber (1965) presented for 20 msec the black letters "O" or "D" on a
white visual field, illuminated at 9.4 fL (31.96 cdW). These targets were masked by a
black ring presented for 50 msec. The letters subtended 0.3 by 0.62 degrees, the contrast
of the displays was 95%. The angular distance, between fixation and the centre of a
letter, was 0.61 degrees for the letters appearing in the two middle positions, and 1.73
degrees for those appearing in the two outside positions. The subjects were required to
indicate which letter had been presented. The dependent measure, therefore, was the
percentage of errors. The results indicated strong U-shaped metacontrast, with maximum
masking at an SOA of 30 msec.
Mayzner et al (1965) replicated the study conducted by Weisstein and Haber (1965),
using different sized masking rings of .05 degrees and .25 degrees, compared to that of
.05 degrees used by Weisstein and Haber. The results generally replicated those of
Weisstein and Haber. However, the smaller mask resulted in more errors overall, and the
point of maximum masking moved to the left, to an SOA of 20 msec rather than 30.
Weisstein (1966), using the same approach as in Weisstein and Haber (1965), used
different sized target arrays, consisting of the letters "O", or "D" or blanks. The
important result, for these purposes, is that she obtained U-shaped functions in all
conditions.

Eriksen and Collins (1964), however, failed to demonstrate U-shaped masking functions
in a similar experiment. Subjects in this experiment were presented with three alternative
letters, "A", "T" or "U", masked by a ring at a constant exposure of 100 msec. All
displays were black on a white background of .200 apparent foot-candle (fC) (0.685
cdW). Eriksen and Collins (1964) found that maximum masking occurred when the
mask was concurrent with the target, and became progressively less at longer delay
intervals, thus producing a monotonic fiinction.
Similarly, Eriksen and Collins (1965) again presented subjects with the letters "A", "T"
or "U" on each trial, masked by a black ring. In describing the luminance levels, they
mention that"... the adaptation field remained on continuously and exposures of the two
stimidus fields were superimposed on the adaptation field luminance'' (Eriksen &
Collins 1965. p.345). The adaptation field was recorded as .572 fC, and the two stimulus
fields (field 1 was the target and field 2 the mask) as .200 fC. Therefore, in each trial the
luminance of the target and mask was .772 fC (2.64 cdW). The results in this study
replicated those in Eriksen and Collins (1964), demonstrating maximum masking with an
SOA of 0, decreasing progressively with longer delay intervals. Similar results were also
found with Eriksen (1966), when masking was in the form of a flash rather than a ring.
Furthermore, Eriksen, Collins and Greenspoon (1967) attempted to replicate the results
obtained by Weisstein (1966), when other confounding factors were taken into
consideration, such as retinal location of stimuli. Again the stimuli were presented at low
levels of 0.5 apparent fC (1.7 cdW), and again the results yielded monotonic functions.
Thus we have two sets of researchers who, in exploring the area extensively, found very
different results. Both studies employ similar masking paradigms with similar SOA
values. Although some of the implications of these findings have been discussed

elsewhere, (e.g., Matteson 1969, Turvey 1973, Breitmeyer 1984), it is clear, that at the
very least, the primary difference between these two groups of studies is that all of the
Eriksen et al studies were conducted at a much lower luminance than the studies
conducted by Weisstein et al, suggesting that U-shaped metacontrast is only obtainable
with black on white stimuli, when the background luminance values are relatively bright.

2.1.2.1.3

Timing

Differences in the presentation durations of the target

and/or mask can result in clear changes to the pattern of the metacontrast function.
However, as with luminance and contrast influences, the nature and degree to which
temporal factors affect the metacontrast function, can vary from experiment to
experiment.
Alpern (1953) investigated the effects of luminance, duration, and spatial characteristics
on the shape and extent of metacontrast. In Experiment B, Alpern varied the duration of
the test stimuli from five msec to 100 msec, while keeping the duration of the mask
stimulus constant at five msec. The results from this study suggest that there was a
substantial decrease in metacontrast as the duration of the test flashes increased from 5
msec to 10-15 msec, reaching a plateau of metacontrast reduction until 100 msec.
Furthermore, there was a corresponding shift to the right of the point of maximum
masking with increasing test duration; i.e., the point of maximum masking was at SO A
100 msec when the test duration was five msec and at SO A 200 msec when the test
duration was 25 and 50 msec. Not surprisingly, therefore, when investigating the effects
of mask duration in the same paper, Alpern found that the degree of metacontrast
increased with increasing mask duration, compared to the five msec target, reaching a
plateau when the mask duration was 15 to 30 msec. However Breitmeyer (1978), when

investigating the effects of mask duration, compared to a fixed target, as an index of
energy ratio, found that maximum nonmonotonic masking occurred when the mask was
eight msec, compared to a sixteen msec target and decreased significantly as the mask
duration further decreased to four, two and one msec.
Stober, Brüssel and Komoda (1978) asked subjects to estimate clarity and the brightness
magnitude of a target compared to a standard. The target was a disc of 20 c d W , and the
mask, an annulus of 30 c d W , presented on a background of. 1 c d W . They estimated
the masking magnitude at three different conditions; two peripheral conditions, one at 40
msec duration and the other at eight msec duration, and a foveal presentation at 40 msec.
In the brightness condition, all three conditions showed metacontrast effects at the 40
msec duration. The peripheral condition, however, showed the strongest masking, and
the point of maximum masking for this condition shifted to an SOA of 45-60 msec
compared to approximately 30 msec for the other two conditions.
Bernstein, Procter, Belcher and Shurman (1974) kept the relative target and mask
energies constant, but varied the luminance and duration of the stimuli. They had three
different conditions: bright/short in which the brightness of the displays were 63 cd/m^
and the duration 15 msec; medium/medium in which the displays were 31.5 c d W and 30
msec; and dim/long in which the displays were 15.75 c d W and 60 msec. Subjects were
required to make a brightness judgenient on the target squares. The medium/medium
condition produced the least masking, while the dim/long condition produced the most
masking. However, these effects were not significant, and strong masking was found in
all conditions, with the masking peak at 60 msec SOA for all conditions.
A predictable effect of target duration on the metacontrast function is, therefore, also
difficult to ascertain. Alpern (1953) clearly shows that the extent of metacontrast

decreases with an increase in test duration. Breitmeyer (1978) also demonstrates a
decrease in metacontrast when the relative values of target and mask duration increase,
such that the mask duration is progressively longer than the target duration. The results
by Stober et al (1978) and Bernstein et al (1974) all show metacontrast fiinctions, but the
duration results may be confounded with the location and luminance results respectively.

The U-shaped metacontrast function can be an elusive phenomenon. The shape and
extent of the metacontrast function is clearly subject to a variety of experimental
influences, such as temporal and brightness factors. Indeed, the discrepancies in the
results obtained from the experiments reviewed, highlight the ease with which small
experimental manipulations can in themselves produce large changes in the metacontrast
function. Similarly, a number of factors can interact in ways that are not obvious, or
indeed, clear, to produce unexpected changes in the nature of the U-shaped metacontrast
function.

2.1.3

Major Theories

Almost all the theories of visual masking recognise one basic fact; that the visual
response to briefly presented stimuli lasts much longer than the actual duration of the
stimuli, and thus the responses of two stimuli may overlap in time. Some direct
exploitations of this, are the Interruption Theories (e.g., Linsley 1961; Averbach 1963;
Weisstein 1966; Turvey 1973), which assume that the response generated by a second
stimuli interrupts the neural processing of the first. As a variation on this theme,
Weisstein (1966) suggests that a visual image of the target is formed, but the processing

of the image is interrupted before enôugh information can be extracted (Kahneman 1968;
Lefton 1973; Felsten & Wasserman 1980).
In a similar vein, Purcell and Dember (1968) suggest that the firing rate of one group of
neurones is inhibited by the firing of an adjacent set of neurones initiated by a second
stimulus. This inhibition is proportional to the luminance of the stimulus and the number
and proximity of the surrounding neurones. Furthermore, inhibition decays
monotonically from the offset of the visual stimuli. Masking is the subsequent result of
the differential inhibition generated by the target, mask, and surround.
Integration theories (e.g., Kinsbourne & Warrington 1962; Fehrer 1966; Kahneman
1968; Coltheart & Arthur 1972; Leflon 1973; Shultz & Eriksen 1977; Felsten &
Wasserman 1980; Burr 1984) alternatively, are energy based rather than time based, and
propose that the responses to the target and mask sum in time linearly to form a
composite. The integration of the responses of the two stimuli is assumed to cause a
degeneration in the representation of the stimuli, to the point of its complete erasure.
It has also been suggested that masking is the result of multiple neural interactions in the
form of a neural net (e.g., Weisstein 1968; Bridgeman 1971), such that the activity of the
target is stored in the neural net, to be compared with the activity produced by the target
mask combination (Bridgeman 1971). Weisstein (1968) suggests that the neural net
consists of five neurones, two to carry information about stimuli from the periphery, one
about the target, and one about the mask, together with subsequent neurones which
collate inhibitory reactions, and make decisions based on the degree of target detection.
Neurones can mutually inhibit one another, and excitation and inhibition can develop at
different rates given that the stimuli are of equal energy (Leflon 1973; Breitmeyer 1984).

Fox (1978) however, points out that Weissteins neural net theory is only applicable to
target discriminability, and fails to deal with target detection. Similarly, Bridgeman
(1971) suggests that, as the second layer receptors in Weissteins model are different
from the first layer receptors, the simulation breaks down when the target and mask are
interchanged. Indeed, Bridgeman proposes another network simulation of neural
interactions. Bridgeman suggests that each stimulus produces a real (homophotic), and a
resonating (metaphotic), response that occurs respectively with each presentation of a
stimulus. The suggestion is that the metaphotic stage of the target stimulus becomes
distorted because of interactions between the two phases. Bridgeman uses this theory to
explain both paracontrast and metacontrast, as well as the dependence of the masking
function on relative target/mask lumihances, and the absence of metacontrast in the
fovea.
Weisstein, Ozog and Szog (1975) point out, however, that it is not clear how the visual
system is able to distinguish homophotic from metaphotic images; the images themselves
cannot provide a unique criterion for whether or not a stimulus is physically present.
Furthermore, they suggest that the model fails to adequately predict the spatial and
temporal properties of metacontrast, and that performance is based on the untenable
assumption that a single spatial and temporal neural channel describes visual system
activity.

It is however, the development of neural network simulations, such as those suggested
by Weisstein and Bridgeman, that provided the evidence that it is possible for existing
neural systems to behave in ways consistent with perceptual phenomena such as
metacontrast.

2.1.3.1 Integration vs interruption
Felsten and Wasserr^an (1980), in thtir review of the literature, suggest that
metacontrast masking is best described by integrative mechanisms, and that interruptive
theories must, at some point of their conception, assume an integrative mechanism at the
neural level. Jeffreys and Musselwhite (1985) conducted VEP recordings of subjects
participating in metacontrast experiments. They concluded that the neural components of
the target stimulus are formed sufficiently, such that the neural component of the mask
would do little to interrupt it. Furthermore, Reeves (1982) required subjects to make a
judgement regarding the visibility of the target, and the apparent segregation of the
target and mask. Reeves concluded that the increasing and decreasing components of the
function are mediated by two separate mechanisms. Other researchers (e.g., Kahneman
1968; Spencer & Shuntich 1970; Sheerer 1973; Turvey 1973) however, suggest that
these two theories are not mutually exclusive, and that an interruption theory of masking
is compatible with an integration theory of masking, when the two theories are used to
describe different stages and components of the masking process.

2.1.4 Transient and Sustained inhibition as a theory of Visual Masking
Breitmeyer and Ganz (1976) and Breitmeyer (1984) suggest a theory of visual masking,
based on the work previously cited, concerning interactions between transient and
sustained neurones. Utilising the findings that transient neurones respond transiently to
stimulus onset and offset, and have faster conduction velocities than sustained neurones,
which respond in a sustained way to the stimulus presentation (Enroth-Cugell & Robson
1966; Cleland, Dubin & Levick 1971); the model explains metacontrast masking in the
following way: Both the target and the mask stimuli generate transient and sustained

impulses, with the impulses from the target preceding those of the mask, but in both
cases the transient response moves faster than the sustained response. At a particular
SO A (approximately 50-100 msec), the transient response of the mask overlaps and
subsequently interferes with the slower moving sustained response of the target, thus
reducing visibility of the target. Maximum masking occurs at this optimal SO A, because
at shorter and longer SOAs, the faster transient response of the mask is occurring before
and after respectively, any appreciable damage can be done to the slower sustained
response of the target. Refer Figure 2.1
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F u r t h e r m o r e , i f t h e t r a n s i e n t r e s p o n s e o f t h e m a s k is a t t e n u a t e d , t h e r e w o u l d b e l e s s
t r a n s i e n t - o n - s u s t a i n e d inhibition, t h e r e b y r e s u l t i n g in a 'flatter' m a s k i n g f u n c t i o n .
C o n v e r s e l y , a n increase in t h e m a g n i t u d e o f t h e transient r e s p o n s e o f t h e m a s k w o u l d

result in more transient-on-sustained inhibition from the mask to the target, thus resulting
in a deeper masking function (Breitmeyer and Ganz 1976; Williams and Lovegrove
1992). Williams and Lovegrove (1992) make similar distinctions in the speed of transient
transmission. They suggest that an increase in the speed of transient transmission, results
in a shift to the right of the metacontrast function, whereas a shift to the left of the
function characterises slower transient activity. This is explained in terms of the time
course of transient activity, in that they suggest .something that occurs later has to
travelfaster to catch up.'' Williams and Lovegrove 1992, p. 278.
Breitmeyer (1984) provides many examples of the explanatory powers of this theory for
metacontrast masking, of which the following are a few: Metacontrast is relatively weak
in the fovea and becomes stronger with increasing retinal eccentricity (Alpern 1953;
Kolers & Rosner 1960; Bridgeman & Leff 1979). The fovea is characterised by a larger
concentration, and correspondingly stronger activity of sustained channels than transient
(Cleland & Levick 1974), thus reducing the effectiveness of transient on sustained
inhibition. Metacontrast activity decreases with increasing spatial separation of the target
and mask (Kolers 8c Rosner 1960; Breitmeyer & Horman 1981). This corresponds, at
the cortical level of organisation, to increasing physical separation of cortical columns,
which subserve different regions of visual space (Hubel & Wiesel 1968). As mask energy
increases relative to target energy, there is a transition from U-shaped to Type A
metacontrast fiinctions (Alpern 1953; Weisstein 1972). Such an effect corresponds to
lower thresholds for transient channels compared to sustained channels, such that the
increase in mask energy that results ih a move from U-shaped metacontrast, as a result of
transient on sustained inhibition to Type A metacontrast, is a consequence of high
threshold sustained on sustained target/mask inhibition, superimposed on the previous

transient on sustained inhibition (Breitmeyer 1984). The peak of metacontrast masking
occurs at longer SOAs as the spatial frequency of the target increases (Rogowitz 1983),
corresponding to the tendency for the slower sustained channels to respond optimally to
higher spatial frequencies, and transient channels to be relatively insensitive to high
spatial frequencies (Cleland et al 1971; Merigan & Eskin 1986). Refer Breitmeyer (1984)
for a more comprehensive review.

The merit of the transient/sustained theory of visual masking appears to be based on at
least two important factors. The first of these, is the ability of the theory to clearly
explain resuhs of previous experiments. A comprehensive theory, must be able to
accommodate the results obtained by previous studies. It is evident, both from the brief
review here, as well as the more comprehensive analysis in Breitmeyer (1984), that the
transient/sustained theory of visual masking can frequently explain many of the results of
previous experiments without undue modifications, as well as making clear predictions
that may be tested in subsequent experiments.
The second important component in the explanatory power of this theory, is the
biological plausibility. The behaviour of transient and sustained interactions as
hypothesised by Breitmeyer and Ganz (1976) and Breitmeyer (1984), is based on clear
evidence from physiological studies of neural systems. The temporal integration
properties and interactions of the two systems, as well as their responses to other
experimental factors such as luminance, contrast, and spatial frequency, have been
extensively studied on a physiological and anatomical basis, as reviewed in the previous
chapter. The pattern of the metacontrast function as proposed by Breitmeyer and Ganz
(1976) and Breitmeyer (1984) is based on interactions as evidenced by such studies. In

other words, masking may be explained by the behaviour of neural systems, that in
reality, actually do appear to behave in the way predicted.

2.2

Metacontrast: General Thoughts

Because of the seemingly improbable nature of a display working backward in time to
affect the perception of a preceding display, metacontrast is a phenomenon that has been
studied extensively. The shape and extent of the masking function is susceptible to a
variety of visual and environmental influences, which often results in difficulties
replicating previous findings. Metacontrast masking has more recently been employed as
a measure of the interactions between transient and sustained visual pathways, in which it
is hypothesised that the typical U-shaped function, reflects temporal differences between
transient and sustained neurones and their mutual inhibitory effects.

2.3

Apparent Motion

2.3.1 Apparent Motion: Concepts and Definitions
Apparent motion is the term used to explain the perception of motion we see in, for
example, a flashing neon display, warning lights on a roadway, or movement on a movie
screen. It is the illusion of motion created in a stationary object by the alternate
presentations or "flashes" of spatially separated stimuli. Original research tended to focus
on whether or not apparent motion utilised the same physiological and psychological
processes as real motion (refer Anstis 1978; Petersik 1989, for reviews). Upon
investigation, it was soon evident that there appeared to be two different types of
apparent motion, which have subsequently been hypothesised to reflect two separate
visual processes.

2.3.2 Two Unique processes
Braddick (1974) was the first to suggest that apparent motion was mediated by two
separate processes. Braddick presented subjects with alternating matrices of black and
white square elements, whose pattern each had a central region which was identical but
displaced horizontally from the second display. The experimental manipulations included
element size, ISI, matrix size, and size of the displaced region. When element size was
varied, it was found that perceptual segregation broke down at approximately five
degrees, suggesting that perceptual segregation in regards to the limit of maximum
displacement was a constant value, and was not dependent on stimulus size. In the next
experiment, ISI was varied with matrix size. It was found that the results were less clear
cut, as discriminability appeared to decrease with increasing ISI. They concluded that the
failure of coherent apparent motion was not contingent on timing sequences, but due to a
spatial limit. Further studies established that when the ISI consisted of a bright field,
perceptual segregation again broke down. Braddick (1974) and Braddick (1980) thus
suggested that traditional smooth apparent motion was an effect that differed from the
perceptual segregation found in his experiments, and that perceptual segregation was
determined by a low-level, short range mechanism that occurs early in the visual process.
Petersik and Pantle (1979) ran extensive studies investigating the transition from element
movement (perceptual segregation) to group movement (smoother perception of
apparent movement). They used a Ternus display in which three spatially adjacent dots
(A, B, C from left to right horizontally) in frame one is replaced, after a variable ISI, in
frame two with a second display of three dots (B, C, D) in which B and C in frame 2
overlap B and C from frame 1, and D occupies the same horizontal distance from C as A
did from B in frame 1. They found that a preadapting field, facilitating either group or

element movement, decreased the perception of the same percept in the experiment, i.e.,
a preadapting field of group movement decreased the perception of group movement in
the experiment. Furthermore, they found that element movement was favoured when
there was a decrease in either ISI or frame duration, while conversely, group movement
was more apparent with an increase in ISI and frame duration. As with Braddick (1974),
Petersik and Pantle also found that increasing the illumination of the ISI period results in
a shift toward group movement. Similarly, increasing light adaptation and reducing
stimulus contrast also caused a predominance of the perception of group movement.
The general conclusions, therefore, were that apparent motion consists of one shortrange mechanism, which is evident during short ISIs (Braddick 1980; Petersik & Pantle
1979); prefers low spatial frequencies (Petersik & Grassmuck 1981) and shorter stimulus
durations (Petersik & Pantle 1979); cannot tolerate contrast reversal, a light ISI
(Braddick 1980) or dichoptic presentation (Braddick 1980); is responsive only when
stimuli are defined from the background in terms of luminance but not colour; is fatigued
by a preadapting stimulus of the same psychophysical components; and is responsible for
perceptual segregation. Conversely, there is also a second, long-range mechanism which
operates under longer ISIs (over 80 msec) and longer stimulus durations over a lower
spatial range; is generally unaffected by stimulus contrast; ISI luminance, or viewing
conditions; is responsive to chromatic contrasts, as well as luminance contrasts; and, like
short-range processes, is easily fatigued by a similar preadapting stimulus. The general
impression is, therefore, that the long-range mechanism is a separate mechanism from the
short-range mechanism and is responsible for smooth apparent motion (Anstis 1978;
Petersik & Pantle 1979; Braddick 1980; Petersik 1989).

2.3.3 Apparent Motion and Visible Persistence
Breitmeyer (1984), Breitmeyer and Ritter (1986; a and b) discuss the implications of the
apparent movement research for transient and sustained systems, by accentuating the
relationship between apparent movement and visible persistence.
Visible persistence is, as its name suggests, the term used to refer to the persistent
visibility of a stimulus after its offset (Coltheart 1980). Given that smooth apparent
motion predominates with longer ISIs, some form of pattern persistence must be
occurring with the first stimulus, in order to integrate it with the second stimulus, thereby
forming a smooth percept (Breitmeyer 1984).
Visible persistence is believed to be associated with activity in sustained channels, where
the impulse of a sustained cell is characterised by a longer duration and slower decay
time than that of a transient cell (Breitmeyer 1984).
Braddick (1980) suggests that the difference between group and element movement in
apparent motion, is the presence or absence of the perception of movement in the centre
two elements. In element movement, the centre two stimuli appear stationary, while the
left-most and right-most elements appear to 'jump' from left to right, hence the term
element movement, or perceptual segregation. Alternatively, at longer ISIs, all three
squares together give the perception of shifting, oscillating left and right across the
screen. Hence the term group movement or smooth apparent motion. Braddick (1980)
therefore suggests, that the important factor in element movement may not be the
perception of movement by the outer squares, but instead lack of movement or stability
of the two centre squares. Breitmeyer and Ritter

a &b) explored this theory, by

suggesting that this perception of stability is due to visible persistence. Stability can only
occur when visible persistence is long enough to perceptually integrate the two elements

from two temporally adjacent, but spatially overlapping, stimuli. Previous research
demonstrated that pattern persistence decreases with increases in stimulus size or
duration (Bowling & Lovegrove 1980). Breitmeyer and Ritter reasoned therefore, that if
stability (element motion) is due to visible persistence, increases in stimulus size and
duration should result in a shift towards the perception of group movement, and
therefore a decrease in the I SI at which the transition from element to group movement
occurs. Again, using a variation on a Ternus apparent motion paradigm, they
manipulated stimulus size, viewing eccentricity, and frame duration. They found that the
perception of group movement (smooth apparent motion) increased, with increases in all
three parameters. Breitmeyer and Ritter further point out the correlations between the
visible persistence hypothesis, and historical results regarding apparent motion. For
example, visible persistence decreases with light adaptation (Breitmeyer 1984),
paralleling the results obtained by Petersik and Pantle (1979) showing that the perception
of group movement increased with a bright ISI period. In relation to transient and
sustained responses, it is suggested (Petersik & Pantle 1979; Breitmeyer & Ritter 1986
a) that as stronger pattern persistence relies on a stronger sustained response
(Breitmeyer 1984), and pattern persistence underlies element movement, it then follows
that element movement is mediated by the sustained response, while group movement is
mediated by elements of transient system activity.

2.4

Measures of Processing Speed

Direct physiological studies have demonstrated that transient channels have a faster
conduction speed than sustained channels (Fukuda 1971; Hoffman 1973). By utilising
parameters known to be mediated primarily by one of the two systems, this finding has

also been demonstrated psychophysically, using measures of visual reaction time and
visual temporal order judgement.

2.4.1 Visual Reaction Time
Visual reaction time is the measure taken when a subject is required to respond as
quickly as possible to a visual target. It is considered a general measure of processing
speed in sensory channels (Breitmeyer 1975). At high contrast levels, transient neurones
respond faster than sustained neurones, while this temporal precedence is reversed at
lower contrasts (Shapley & Victor 1978), predicting that at higher contrast levels,
reaction times will be faster over measures that are believed to be mediated by the
transient system. This is the result obtained by Breitmeyer (1975). Breitmeyer found that
responses to low and high spatial frequency gratings became progressively slower with
the transition from low spatial frequencies, which are suggested to be mediated by the
transient system, to high spatial frequencies, which are controlled primarily by the
sustained system. This inverse relationship between reaction time and spatial frequency
has been demonstrated by several researchers (e.g., Vassilev & Mitov 1976; Breitmeyer,
Levi 8l Harwerth 1981; Gish, Shulman, Sheehy & Leibowitz 1986). Tolhurst (1975)
measured reaction times to high and low spatial frequency gratings at low contrast levels.
He found that at low spatial frequencies, the reaction time measures were grouped to
reflect abrupt changes in contrast of the stimulus (onset and offset of the display). At
high spatial frequencies however, reaction times reflected a single response, distributed
throughout the duration of the stimulus. Such a finding parallels the transient and
sustained responses from the two systems, that would predominate at low and high
spatial frequencies respectively. The transition from transient to sustained processing

with an increase in spatial frequency is believed to occur from approximately one
cycle/degree (Breitmeyer, Levi & Harwerth 1981) when contrast values are above 10%,
to approximately six or eight cycles per degree (Felipe, Baudes & Artigas 1993).
The temporal advantage of the transient system over the sustained system is similarly
demonstrated in studies utilising colour and luminance. As with measures of reaction
time with contrast, it is assumed that luminance and chromatic signals isolate transient or
sustained mechanisms respectively. A number of researchers (e.g., Nissen & Pokorny
1977; Bowen 1981; Schwartz & Loop 1982; Ueno 1992; Schwartz 1992) have
demonstrated that the achromatic system responds with a shorter latency than the
chromatic system. Furthermore, Schwartz (1992) demonstrated that reaction time
distributions from achromatic stimuli suggest that the neural system subserving the
achromatic system responds transiently rather than with a protracted response, providing
further evidence of transient system direction.
These studies demonstrate that perceptual measures mediated by transient system
activity are typically responded to faster than those mediated primarily by the sustained
system.

2.4.2 Visual Temporal Order Judgement
Visual Temporal Order Judgement (TOJ) refers to the situation in which two visual
signals are presented randomly in succession, separated by varying SO As (or delays
between signals). The subject's task is to indicate on each trial which display appeared
first.
As with metacontrast, visual TOJ requires the subject to make a temporal resolution
judgement, regarding two different sets of stimuli. Gibbon and Rutschmann (1969)

suggested that temporal order and reaction time judgements share some common
underlying framework. Using the same assumptions regarding temporal superiority of the
transient system over the sustained system, it can be assumed that TOJs draw on
transient system resources as do reaction time measures (May, Williams & Dunlap 1988;
Brannan & Williams 1988).
Hirsh and Sherrick (1961) studied TOJ measures in vision, hearing, touch, and crossmodal judgements. They determined that judgements, based on the temporal order of
successive inputs are independent of modality, and require an inter-stimulus delay of
approximately twenty msec (for 75% accuracy). This is compared to decisions regarding
whether or not two stimuli are separated in time, which are highly modality specific.
These results could predict a single modality-independent system concerned with
temporal relationships and the calculation of temporal order. If visual temporal order
judgements are believed to reflect transient system activity, these results could suggest
that the transient system may be one example of general 'fast-system' activity apparent in
all, or most modalities.
A number of researchers have used TOJs as a means of comparing the perceptual
processes of reading disabled children with those of normal readers (Tallal & Piercy
1973; Brannan & Williams 1988; May, Williams & Dunlap 1988; Reed 1989).
Differences between poor and normal readers are normally apparent in the auditory
domain, and studies have demonstrated that poor readers frequently show inferior
performance compared to normal readers, requiring longer stimulus durations in order to
respond with the same accuracy (Brannan & Williams 1988; May, Williams & Dunlap
1988). These studies will be reviewed in more detail in Chapter 4. However, because of
the diversity of visual stimuli used in the different studies, not all experiments have

demonstrated group differences on visual TOJs (e.g., Tallal & Piercy 1973; Reed 1989).
Nevertheless, Given that a) the transient system is most concerned with quickly
processing temporal order; b) poor readers have been shown to have a sluggish transient
system; and c) reading disabled children perform worse on visual TOJ measures than
normal readers, then the visual TOJ results demonstrated with poor readers, would
appear to provide further evidence of transient system mediation over measures of visual
TOJ.

2.5

Conclusion

At sufficiently high luminance and contrast levels transient neurones have a faster
response latency (Burbeck & Kelly 1981; Shapley & Victor 1978; Harwerth & Levi
1978) than sustained neurones. Furthermore, it has been demonstrated that RT is faster
when transient neurones are selectively activated, compared to sustained neurones at
high contrast levels (Burbeck & Kelly 1981; Breitmeyer 1975; Tartaglione, GofF&
Benton 1975; Lupp, Hauske & Wolf 1976; Vasslev & Mitov 1976; Levi & Harwerth
1981). Results incorporating direct cell recordings, psychophysical experiments, and
studies with reading disabled children suggest that measures requiring quick processing
of rapidly presented, temporally ordered events, place a heavy load on transient system
functioning.
The studies reviewed above illustrate a clear dichotomy in the activity of transient and
sustained cells, which can be demonstrated in psychophysical measurements such as
apparent motion, temporal order judgement, and visual reaction time. This apparent
dichotomy between the two systems within each experimental framework, is an effective

way of isolating each system in order to explore the activity of one system independently
from the other.

CHAPTER 3
A VISUAL CORRELATE OF SPECIFIC READING DISORDERS
A deficit in the functioning of the transient system has been implicated as a factor in
some specific reading disorders. A number of researchers (e.g., Breitmeyer 1980;
Lovegrove, Heddle & Slaghuis 1980; Badcock & Lovegrove 1981; Slaghuis &
Lovegrove 1985; Williams, Brannan & Bolognia 1990; Williams, & LeCluyse 1990)
demonstrated that there are apparent visual processing differences between specific
reading disabled children (SRDs), and normal readers on visual tasks which rely heavily
on the transient system. However, there appears to be little or no difference between
groups on tasks relying on sustained system activity.
Researchers (e.g., Badcock & Lovegrove 1981; Slaghuis & Lovegrove 1985) have
demonstrated differences between SRDs and normal readers in measures of visible
persistence. Visible persistence is, as its name suggests, the apparent persistence of a
visual display afler its offset. There is normally a linear relationship between visible
persistence and spatial frequency, that is, visible persistence increases proportionally with
an increase in spatial frequency. This relationship is believed to reflect transient
functioning in the following way: At low spatial frequencies transient activity is strong
enough to attenuate the neural activity associated with continued visibility of the display.
At high spatial frequencies however, transient system activity is less sensitive, and
therefore less able to inhibit the prolonged activity of the sustained channels. Lovegrove,
Heddle and Slaghuis (1980) and Badcock and Lovegrove (1981) demonstrated that the
slope of this function was significantly flatter for SRDs, compared to normal readers,

suggesting that there was less transient activity at low spatial frequencies for SRDs than
for controls.
The reduced sensitivity to low spatial frequencies characteristic of SRDs is also evident
in measures of contrast sensitivity. The contrast sensitivity function (CSF) is a measure
of the minimum amount of contrast required for a display to be seen over different
spatial frequencies (Sekuler & Blake 1985). Visibility at both low and high spatial
frequencies is low, forming an inverted U ftinction with greatest visibility at intermediate
spatial frequencies. Measurements of the CSF in SRDs have consistently demonstrated
lower sensitivities at lower spatial frequencies, compared to controls (e.g., Martin &
Lovegrove 1987). Furthermore, Williams, Brannan and Lartique (1987) found that
differences between SRDs and controls in visual search tasks significantly diminished
when high spatial frequencies were removed from the search array.
The transient system is similarly sensitive to stimulus onset and offset (Kulikowski &
Tolhurst 1973), and is therefore believed to mediate uniform field flicker (UFF)
(Breitmeyer, Levi & Harwerth 1981). Martin and Lovegrove (1987) demonstrated that
normal readers are more sensitive to UFF than SRDs, as would be the case if SRDs
suffered from a transient system deficit.
In measures of metacontrast, Williams, Molinet and LeCluyse (1989) found that the dip
in the metacontrast function occurred at shorter SOAs for SRDs, than for normal readers
and adults. Using another metacontrast design, Williams, Weisstein and LeCluyse (1990)
produced similar results. As reviewed in Chapter 2, a decrease and shift to the left of the
dip in the metacontrast function (toward shorter SOAs), is believed to reflect weaker
transient on sustained inhibition, consistent with a decrease in transient system activity.

As mentioned in the previous chapter, a number of researchers have used temporal order
judgement measures as a means of comparing the perceptual processes of reading
disabled children with those of normal readers. Brannan and Williams (1988) required
poor and normal readers to make location judgements (on which side did the stimuli
appear first) regarding a three-word/non-word stimuli presented to the left and right of a
fixation point, at varying SOA delays. They found that poor readers consistently required
SOA delays of up to 20 msec longer than normal readers in order to respond with the
same accuracy. Similarly, May, Williams and Dunlap (1988), manipulating both location
and target identification, found that poor readers required significantly longer SOAs,
compared to good readers to achieve 75% accuracy (83 msec compared to 44 msec).
Furthermore, poor readers required longer SOAs to achieve criterion in the word
identification condition, compared to the word location condition. In bpth these papers
the researchers explain the results in terms of a transient system deficit apparent with
reading disabled children.

The resuhs of the studies reviewed briefly here, are all consistent with a deficit in
transient system activity in SRDs. This deficit helps to explain why SRDs generally
perform no differently from controls on traditional methods of visual testing, such as
visual acuity tests, because such tests measure the perceptual system's sensitivity to
detail, which is believed to be mediated by the sustained system. Deficits in the transient
system will only be apparent during psychophysical testing designed specifically to tap
into transient system activity, or when integration between transient and sustained
activity is necessary, such as in complex visual tasks like reading.

CHAPTER 4
COLOUR AND THE VISUAL SYSTEM

The understanding of the perception of colour in a visual scene is a complex integration
of physics and psychology. The physical scale consists of the visible spectrum which
spans wavelengths ranging from 400 to 700 nanometres (nm). An object appears
coloured because a particular range of wavelengths is reflected from it to the visual
receptors. However, colour can only be perceived when wavelengths activate the correct
neural mechanisms, generating signals which must then be interpreted by an appropriate
cognitive system. As a result, the perceived colour of an object is subject to factors such
as the perceptual experiences of the viewer, brightness, environmental conditions, and
surrounding colours.

4.1

The Mechanisms of Colour Vision

4.LI The Photoreceptors
Colour vision is mediated at the retinal level by three different photoreceptors
collectively known as cones. These cones - red, green, and blue - are classified rather
loosely according to their optimal spectral sensitivity. These red, green, and blue cones
have their peak absorption around 560, 530, and 430 nanometres respectively. The
terminology "red", "green", and "blue" is often abandoned in favour of the more
physiologically correct long (L), medium (M), and short (S) wavelength cones. Each
cone type is sensitive to a wide range of wavelengths. The sensitivity of L cones, for
example, ranges from approximately 460 nm to 650 nm. Furthermore, there is a large
degree of overlap between cone sensitivities, especially between the M and L cones, such

that a stimulus of approximately 540 nm stimulates the M and L cones to almost the
same degree. Similarly, a stimulus of approximately 475 nm will affect all cone types
(Schnapf, Kraft & Baylor 1987).
Cones in general, are relatively scarce in the peripheral retina (Davson 1980), and
distribution of the three different types of cones differs as one moves across the retina.
Long and Medium v^avelength cones are concentrated primarily in the fovea, whereas
Short wavelength cones tend to form a ring around the fovea, increasing to maximum
concentration just outside the fovea (Curcio, Sloan, Kalina & Hendrickson 1990; Curcio,
Allen, Sloan, Lerea, Hurley et al 1991). Furthermore, the S cones are distributed more
sparsely than the M or L cones, suggesting that visual acuity is less with shorter
wavelength light (Pokorny, Graham & Lanson 1968).

4.1.2

Retinal Ganglion Cells

Intraoccular studies of retinal ganglion cells (e.g., De Monasterio & Gouras 1975; De
Monasterio et al 1975 a and b) revealed cells with spectrally opponent, concentrically
arranged receptive fields - the colour opponent cells. Such cells are located in the foveal
area of the retina and receive information from either L and M cones only, or all of the
cones combined. The most common type of cell encountered was the red/green cell.
This type of cell accounted for 82% of colour sensitive cells (De Monasterio & Gouras
1975), and 76% of recorded colour opponent cells (De Monasterio et al 1975 a). These
cells responded in one of four ways: either in an excitatory way to information from L
cones presented in the centre of the receptive field, and in an inhibitory way to
information from M cones in the surround (red+/green-); in an excitatory way to M
information in the centre, and in an inhibitory way to L information in the surround

(green+/red-); or the reverse of these two configurations (i.e., either green-/red+, or red/green+).
The remaining colour opponent cells were, non-concentric, and exhibited trichromatic
colour opponency, such that they receive information from all three cone types (De
Monasterio & Gouras 1975; De Monasterio et al 1975 a). The most common
trichromatic colour-opponent cell was the blue/(red and green) combination (i.e., either
red and green+^lue-, red and green-^lue+, blue+/red and green-, or blue-/red and
green+), followed by the green/(blue and red) combination. These configurations suggest
that information from short wavelength cones is transmitted by the retinal ganglion cells,
only in combination with information from M or L cones. A small percentage of these
cells appeared also to be colour responsive, but in a more uniform way across the cell,
rather than in a concentrically opposing pattern.
These colour opponent retinal ganglion cells have small receptive fields, sustained
responses to stimuli, and terminate in the dorsal layers of the lateral geniculate nucleus
(De Monasterio & Gouras, \91Sb: Schiller & Malpeli 1978; Gouras 1991).

4.1.2.1

The Significance of Opponent Processing

At least three different types of RGCs have therefore been identified: concentric
broadband cells; concentric opponent cells; and non-concentric opponent cells. The
centre and surround receptive fields of concentric opponent cells (refer Chapter 1) each
combine R/G inputs, rather than acting in an antagonistic way. As a result, the cell
records brightness rather than chromatic changes (Lee, Pokorny, Smith, Martin, &
Valberg 1990). Information necessary for colour vision is therefore transmitted by the
concentric and non-concentric opponent cells.

Gouras (1990) suggests that colour opponency is the most fundamental feature of colour
visual channels. Opponent processing indicates that colour vision occurs as a result of
the degree of imbalance between twd cone inputs. For example: When L and M cone
inputs to an opponent process cell are balanced, the cell is stable and only responds when
the M and L cone signals vary. Accordingly, one part of the cell (for example, the
surround) responds in an excitatory or inhibitory way to red, and in the opposite
direction to green, while the other part of the cell (in this example, the center) responds
in the opposite configuration. In the non-concentric opponent cells, inputs from S cones
antagonise the combined inputs of L and M cones (Boynton 1979; Daw 1984).

4.1.3

Beyond The Retina

4.1.3.1 The Lateral Geniculate Body
De Valois, Abramov and Jacobs (1966), using diffuse monochromatic light, found that
lights at one end of the spectrum activated many lateral geniculate cells, with an 'off'
response at the opposite end of the spectrum. They found cells of two types - red/green
colour opponent, and yellow^lue colour opponent. Wiesel and Hubel (1966) extended
this study from diffuse light, to observing the reactions of individual cells to small spots
of coloured light. Their results provided evidence for two types of colour coding cells
with various subgroups. The largest group of cells was classified as Type I cells, and
were characterised by an antagonistic centre-surround arrangement where the centre and
surround constituted two different spectral sensitivities. Of those cells recorded, the
types of subgroups exhibited were combinations of a red/green concentric arrangement
(i.e., red+/green-, red-/green+, green+/red-, or green-/red+), or of a blue +/ green-,
green+/blue-, classified as blue centre or surround, as opposed to an arrangement of

weighted inputs from both red and green cones (De Valois, Abramov & Mead 1967;
Derrington et al 1984).
A second group of cells, Type II cells, were also arranged in a spectrally opponent
fashion, but rather than a centre-surround arrangement, the cell was antagonistically
sensitive to two different wavelengths consistently across the cell.
The results from this study, combined with those from De Monasterio and Gouras
(1975), suggest that the mechanisms for coding colour information in retinal ganglion
cells are reflected in similar colour mechanisms in the lateral geniculate nucleus, but with
colour information being somehow concatenated or rearranged in the transition from
ganglion cells to lateral geniculate nucleus cells in order to accommodate the wider
variety of spectral opponencies found in ganglion cells.
Abramov and Gordon (1994) suggest that as a result of the low spontaneous rates
demonstrated by cortical neurones, inhibitory responses in an opponent process cell
simply determine the spectral range to which a cell will respond, rather than stimulating
the chromatically opposite response. Therefore, the hue red is seen when red+/green- is
excited and green is seen with the excitation of green+/red-. However, we do not
necessarily see red when, for example, the latter is excited. De Valois and De Valois
(1993) suggest that hue sensations from an opponent process cell arise as a result of the
concatenation of sums of L, M, and S cones to the receptive fields of the cells, weighted
proportionally to their representation in the retina. Ahn and Macleod (1993) however,
suggest more traditionally that hue is dependent primarily on the balance of the perceived
colour and its opponent colour. Therefore perceived redness or greenness is only
dependent on L and M inputs. They add, however, that variation in L and M input is

dependent upon adaptation links between luminance and chromatic cells, rather than
simply proportional inputs from cones.
There are, therefore, a number of models or theories about how these cells "work" or
translate into our perception of hue. However, a complex integration at all levels of
colour processing, from retina to cortex will be necessary before this question is
resolved.
4.1.3.2 The Visitai Cortex
The brief review of the visual cortex in Chapter 1, introduced the existence of colour
selective cells which receive information from the parvocellular layers of the LGN.
Horton and Hubel (1981) and Hendrickson, Hunt and Wu (1981) examined oval shaped
structures in the visual cortex identified by Wong-Riley (e.g., 1979) which were most
prevalent in layers two and three of the cortex, and oriented along the ocular dominance
columns. Termed Blobs, these structures were subsequently believed to be primarily
concerned with the perception of colour, and to some degree luminance (Livingstone and
Hubel 1984; Livingstone & Hubel 1987). Using micro electrode recordings of cells in the
primary visual cortex of macaque and squirrel monkeys, Livingstone and Hubel (1984)
investigated the properties of blobs and their projection through V2 (Area 18). Their
research suggested that blobs are effectively not selective to orientation, with each blob
consisting of a core of non-oriented cells, surrounded by a shell of poorly oriented cells.
While cells between blob regions were strongly orientation selective. Receptive fields of
blob cells were of the typical concentric centre-surround arrangement, primarily of redgreen double opponent cells. Such cells responded antagonistically to red and green
input in the centre, and also to red-green in the surround, but in the reverse configuration

(e.g., red+-green-/red-green+). There were also some yellow-blue double opponent cells.
The second most common cell type was the non colour selective broad band cell, which
has been suggested to carry luminance information (Livingstone & Hubel 1987). The
third most common cell was the centre only colour opponent cell, which has input from
two superimposed and antagonistic sets of cones.
The organisation of double colour opponency helps to explain perceptual phenomena
such as colour opponency and colour contrast. In double opponent

CQWS, pairs

of inputs

occur throughout the cell e.g., green+/red- centre, and green-/red+ surround, for a single
cell. This pairing eliminates the ability to see redish-green or greenish-red as the two
inputs are antagonistic in one way or another, throughout the cell. Similarly, with colour
contrast, a neutral grey can acquire a red tinge, if surrounded by green. In the above cell,
the same response will be activated with either a green stimulus in the centre or a red
stimulus in the surround.
There also existed orientation selective, colour selective cells between blobs that
responded vigorously to coloured slits. Of these cells, the red selective was the most
common, followed by cells sensitive simply to a dark bar on a light background, and
occasionally cells sensitive to a green or violet slit. Further investigations into the
projections from blobs through V2 revealed connections from blobs to thin stripes in V2,
and from regions between blobs to regions between stripes in V2.
The thin stripes are similar to cells in the blobs, as they are non-orientation specific, have
colour opponent cells (Hubel & Livingstone 1987), and project to V4 which is
concerned with form and colour (Shipp & Zeki 1985).
Although the input to blobs is still uncertain, information would still be relayed from the
lateral geniculate nucleus, suggesting a reorganisation of colour information from the

lateral geniculate nucleus. The LGN codes colour primarily in terms of simple centresurround organisation to the blobs in VI, in which the cells are primarily of double
opponent organisation. This may be partially overcome by the fact that much of the
information from the dorsal layers of the LGN goes to the interblob region, via layer 4C
beta (Livingstone & Hubel 1987), which contains colour opponent centre surround cells
(63% of recorded cells) (Livingstone & Hubel 1987), such as those found in the LGN.
These cells project to the pale stripes of V2, and there has been some suggestion that
some parts of these pale stripes project then to V4 (DeYoe & Van Essen 1985). The
suggestion therefore, is that blobs and interblobs in VI project to thin stripes and pale
stripes respectively in V2, which then project to V4, the area of the cortex identified by
Zeki (e.g., 1978; 1983; 1992) to be involved with colour processing.
The specificity of blobs to colour vision has been debated recently. Lund (1996) reported
evidence to suggest that the blobs of the cortex, identified by Livingstone and Hubel,
simply reflect general cortex architecture with other qualities at other cortical levels,
such as orientation. Furthermore, Lennie, Krauskopf and Sclar (1989) have
demonstrated little difference in the colour selective properties of blobs compared to
interblobs.

As pointed out in the conclusion of Chapter 1, a complex integration at all levels of
processing as an explanation of colour vision, has yet to be realised. At best,
physiologists have been able to identify cells involved with colour processing at the
retina, lateral geniculate, and cortex, with models of their behaviour at each level.
However, the translation from physiology to perception, integrated from all levels of
processing, has yet to be explained.

CHAPTER 5
TRANSIENT/SUSTAINED PATHWAYS AND COLOUR

The transient system, or magnocellular cells, have been traditionally considered colour
insensitive (e.g., Kruger 1979; Hicks^ Lee & Vidyasager 1983; Livingstone & Hubel
1987; Livingstone & Hubel 1988). Some research however, has demonstrated that
transient system activity may be suppressed by diffuse red light. This proposal is
supported by both anatomical evidence and physiological studies (Wiesel & Hubel 1966;
Schiller & Malpeli 1978; Derrington et al 1984; Hubel 1988) as well as psychophysical
experiments (Breitmeyer & Williams 1990; Williams, et al 1991). More recent
psychophysical research has suggested that activity in the transient system is not only
suppressed by diffuse red light, but increased and accelerated by blue light (Williams, et
al 1991; Williams, LeCluyse & Rock-Faucheux 1992).
The recent finding that blue light increases transient functioning is apparently
incompatible with previous anatomical and psychophysical research which suggests that
the transient system is colour insensitive.

5.1

Evidence that the Transient System is Colour Insensitive

"'About 90% of cells in the pan>ocelhdar layers of the geniculate are strikingly sensitive
to differences in wavelength, whereas cells in the magtiocelltdar layers are nof
(Livingstone & Hubel 1988, p 741).

5.1.1

Physiological Studies

Gouras (1968) identified two types of retinal ganglion cells in the monkey, which he
termed phasic and tonic. Phasic cells, compared to tonic cells, were characterised as
having smaller receptive field centres, were fewer in number, and more common towards
the periphery of the retina. Phasic cells received input from M and L cones, such that
both inputs are excitatory in the centre, and inhibitory in the surround of the receptive
field. These cells, furthermore, responded transiently to maintained stimuli of any
wavelength, but did not appear to receive input from short wavelength cones. It was
suggested that phasic cells transmit early visual signals, either from red or green cones.
Tonic cells, conversely, were believed to be concerned with the transmission of colour
and form. They responded in a sustained manner to the stimulus, and received excitatory
input to the centre of their receptive fields from one of either S, M or L cones, and
responded in an inhibitory way to one other cone mechanism. Similar results have been
obtained by other researchers (e g, De Monasterio & Gouras 1975; Derrington et al
1984).
Kremmers, Lee and Kaiser (1992) equated the terms tonic and phasic with cells
belonging to the parvocellular and magnocellular pathways respectively, and measured
their responses to luminance and chromatic contrasts in the RGCs of macaques. They
determined that phasic cells gave little response to chromatic modulations, and appeared
to be mediated predominantly by luminance contrasts. Tonic cells however, appeared to
show the reverse sensitivities, indicating responses to chromatic modulation and being
relatively unresponsive to luminance modulation.
Physiological studies of the colour properties of RGCs, therefore, have demonstrated
that colour-opponent cells have small receptive fields, respond in a sustained way to

visual stimuli, and their axons have a medium conduction velocity. In comparison, broadband cells (Schiller, Logothetis & Charles 1990a and b) are characterised by faster
conducting axons, have larger receptive fields, respond transiently to stimulus
presentation, and are sensitive to luminance, but not chromatic information (Schiller &
Malpeli 1978). The colour opponent cells project to the four lateral layers of the LGN,
while broad-band cells project to the remaining two ventral layers. In other words,
colour-opponent cells project to the parvocellular layers of the LGN, while the broadband cells project almost exclusively to the magnocellular layers. (Dreher, Fukuda &
Rodiek 1976; Schiller & Malpeli 1978).
A reclassification of the parvocellular and magnocellular cells in the LGN was suggested
by Creutzfeldt, Lee and Elepfandt (1979), based on the responses of the cells in the LGN
of the rhesus monkey to spectral response criteria, and to white light. These researchers
suggested that parvocellular cells were to be classified into ten different categories, while
magnocellular cells remained classified as ''panchromatic" (Creutzfeldt, Lee & Elepfandt
1979, p 543), with a spectral sensitivity that encompassed all wavelengths.

Physiological studies as a whole appear to indicate that colour vision is mediated
exclusively by the parvocellular cells (Wiesel & Hubel 1966; De Monasterio & Gouras
1975; De Valois & De Valois 1975; Dreher et al 1976; De Monasterio 1978; Schiller &
Malpeli 1978; Hicks, Lee & Vidyasager 1983; Derrington, Krauskopf & Lennie 1984;
Perry, Oehler & Cowey 1984; Merigan 1989); indeed it is often used as the primary
criterion for delineation, when discussing the two systems (Kaplan, Lee & Shapley 1990;
Schiller & Logothetis 1990; Shapley 1990; Merigan & Maunsell 1993; Abramov &
Gordon 1994).

5.1.1.1

Robustness of the colour insensitive classification of transient cells.

It would appear that ''colour insensitive " in regards to transient cells is used as a
relative term. Transient cells are considered colour insensitive, only when compared to
the clear chromatic selectivity of sustained cells. As will be discussed in section 6.2.1, the
activity in approximately half of the magnocellular cells in the LGN is tonically
suppressed by difiuse red light (Wiesel and Hubel 1966; Kruger 1977; Schiller & Malpeli
1978; Derrington et al 1984). They have a centre-surround arrangement with an
excitatory, broadband centre, and an antagonistic surround that demonstrates sensitivity
to long wavelength light. Similarly, Lee et al (1989) found spectrally opponent M cells in
the retinas of macaques. Furthermore, Schiller and Colby (1983) demonstrated that
magnocellular cells give transient responses to flicker of equiluminant colour fields.

5.1.2

Psychophysical Studies

Many psychophysical studies have exploited the fact that transient system activity
appears to be insensitive to chromatic changes. Researchers have explored different
visual phenomena in which displays are matched in luminance, and only colour
differences are apparent. The reasoning behind this is as follows: Visual information that
breaks down at equiluminance is assumed to be mediated by a colour insensitive system
because luminance information is not available, so the only information accessible with
which to make a decision is based on colour transients.
Using Julesz random dot stereograms, it has been found that apparent depth (Lu &
Fender 1972) and motion (Ramachandran & Gregory 1978) disappear when the dots
and background are equiluminant. This would suggest that the perception of depth and
motion must be mediated by the luminance sensitive system, as the perceptions cannot be

resolved when only chromatic information is available. Similar independence of
chromatic and luminance channels were found with tests of frequency shifts in
luminance, and red/green gratings (Favreau & Cavanagh 1981).
This is also the technique adopted by Livingstone and Hubel (1987, 1988), in their
extensive studies of the responses of magnocellular and parvocellular neurones to
different visual parameters. While not investigating the effect of colour per se, they used
equiluminant stimuli generated on a computer screen with human observers, to
investigate perceptual phenomena such as movement, stereopsis, form, and visual
illusions. They found that information traditionally considered to be carried by the
magnocellular pathway, such as movement, depth, and low spatial frequencies, was
degraded at equiluminance, whereas information such as detail, which is mediated by the
sustained system, was unaffected at equiluminance.
Yellow and blue tritanopic displays are believed to isolate short wavelength cone
mechanisms, which appear to provide little or no input to luminance information (refer
Chapter 4), particularly when displays are presented well above visual threshold.
Cavanagh, Adelson and Heard (1992) reported degraded perceptions of depth, motion,
and detail, when presenting subjects with tritanopic displays of 3D objects at different
depths, a rotating disc, and an Ames window.

The results from these studies demonstrate that noninvasive psychophysical measures
appear to coincide nicely with physiological studies, suggesting the existence of
independent visual pathways - one more sensitive to colour than luminance; the other
maximally sensitive to luminance rather than colour. Furthermore, the colour-insensitive

system mediates perceptual phenomena, believed to be attributed to transient cell
functioning.

5.1.2.1

Sensitivity of equiluminance studies

Logothetis, Schiller, Charles and Hurlbert (1990), using direct cell recordings of rhesus
monkeys, investigated the effects of equiluminance on measures of visual processing
assumed to be mediated by the broad-band system, such as texture, motion, and depth
perception. They found that responses to these measures at equiluminance was
attenuated, but not completely removed, suggesting that equiluminance measures and
psychophysical tasks may not be appropriate indicators of magnocellular functioning.
Similarly, Abramov and Gordon (1994) point out that studies at equiluminance may be
misleading, because of the ability of some parvocellular LGN cells, with excitatory M or
L centres, to sum neural inputs forming an information channel with the same spectral
make-up as broad-band magnocellular cells.
While it has been demonstrated that P cells can support luminance information (Lee et al
1989), it has also been demonstrated that chromatic cues can result in the resolution of
stereograms (Jordan, Geisler & Bovik 1990; Stuart, Edwards & Cook 1992; Kovacs &
Julesz 1992). Furthermore, it has been suggested (Cavanagh 1991) that most visual
functions may be supported to some degree, with purely chromatic input (Logothetis et
al 1990; Cavanagh & Favreau 1985; Cavanagh, Boeglin & Favreau 1985). In addition,
Cavanagh et al (1992) point out the lack of stability of luminance measures for the hues
themselves, between subjects, and as a result of retinal location.

5.1.3

Lesion Studies

A more direct approach to investigating the functional properties of the two different
systems, is to remove one system by lesioning the appropriate part of the LGN and
exploring the resulting functional losses.
Schiller et al (1990a, 1990b) placed small ibotenic lesions in either the magnocellular or
parvocellular parts of the LGN of rhesus monkeys, and found that only parvocellular
lesions removed the ability to make discriminations based on colour, whereas
magnocellular lesions had no effect on colour vision. Similar results have been obtained
by other researchers (e.g., Merigan, Katz & Maunsell 1991; Merigan & Maunsell 1993),
who demonstrated a loss of visual acuity and colour vision with parvocellular lesions,
and conversely a loss of luminance information with relatively no impairment in colour
vision or acuity, with magnocellular lesions.

As with psychophysical studies using equiluminant stimuli, lesion experiments of the
LGN suggest that only the parvocellular system supports colour vision. Some of the
problems associated with psychophysical equiluminant studies may be attributable to
cortical interactions and mechanisms, where segregation between the two systems is
much less clearly defined. Indeed, Lee et al (1989) found that phasic cells in the macaque
responded vigorously to high temporal frequencies, such as those used to determine
equiluminance by flicker. Human subjects however, were not able to detect the same
stimuli, suggesting that loss of high temporal resolution in these phasic cells is cortical,
rather than retinal or thalamic.

5.2

Sensitivity To Colour Reflected in Transient System Activity

Much of the above research indicates that the transient system is colour blind. Indeed it
appears that it is unable to discriminate chromatic changes in the absence of luminance
changes. However, there is some research suggesting that transient system activity is
tonically suppressed by diffuse red light, and a number of recent psychophysical studies
indicate that its activity may even be increased in blue light.

5.2.1
5.2.1.1

The Effect of Red Light on Transient System Activity
Physiological Research

Wiesel and Hubel (1966) made direct electrode tip measurements to the ventral layers of
the LGN (the projection site of magnocellular cells). They classified two types of cells in
these layers: Type III and Type IV. Type III cells are also found in the dorsal
(parvocellular) layers of the LGN. These cells are characterised by centre/surround
receptive fields, but nonopponent colour responses. For most of these cells, there was at
least some peripheral suppression, which was the same at all wavelengths. Wiesel and
Hubel suggest that these cells may represent an elementary step in form analysis,
registering not only the general level of illumination, but comparing light that falls on one
retinal region with that falling on the immediate surround. For these cells, unevenness of
illumination is a powerful stimulus and diffuse light appears to be inadequate.
With Type IV cells, the receptive field was concentric, with an excitatory centre and an
inhibitory surround, and responses to small dots lasted only a few seconds or less. To
large spots at short and medium wavelengths, there was no effect at any intensity. In red
light however, the influence of the surround actually predominated over that of the
centre, and the maintained activity was suppressed by large spots. The cessation of firing

was well maintained, usually lasting as long as the light was left on. White light acted like
red, producing a sustained suppression of firing, with no marked off discharge, but rather
a simple resumption of maintained firing. Cells of this type appeared to be plentiful. They
point out that one of the common signs that the electrode had entered the ventral layers
was the nearly complete suppression of unresolved background activity by diffuse light,
especially diffuse red light, in contrast to the general activation of the background by
small spots. Similarly, Kruger (1977) mentions that the transition from dorsal to ventral
recordings in the LGN was characterised by cells that were suppressed by long
wavelength light, 50-100 msec after onset of the stimulus. Similar results have been
obtained by other researchers (Dreher et al 1976; Schiller & Malpeli 1978; Derrington et
al 1984).

5.2.1.2 Psychophysical Studies
As well as direct physiological recordings from cells within the visual pathway, there is
evidence of an attenuation of transient system firing with red light in some
psychophysical studies.
Metacontrast has been argued to be a direct psychophysical demonstration of transient
functioning (Chapter 2), such that the U-shaped function is directly related to transienton-sustained inhibition. Breitmeyer, May and Heller (1991) measured the brightness
rating of a red or green target in a metacontrast paradigm. The displays were presented
on a contrasting, equiluminant, green or red background. They report that metacontrast
was weakest when green stimuli were presented on a red background, compared to when
red stimuli were presented on a green background. Similarly, Breitmeyer and Williams
(1990) found significantly less masking when the displays were presented on a red

background, compared to a white or green background. Furthermore, in the same study,
Breitmeyer and Williams found that an apparent motion effect was also decreased when
stimuli were presented on a red background, compared to a white or green background.
In another metacontrast study in which the displays were presented with equiluminant
red, blue, green, or white masks, Williams et al (1991) demonstrated a decrease in the
magnitude of the metacontrast function, and a shift to shorter delays with a red mask.
Conversely, they found an increase in the magnitude of masking, and a shift to longer
delays with the blue mask. This shift in masking with red light has also been
demonstrated more recently by Edwards, Hogben, Clark and Pratt (1996), using nine-dot
target and mask displays presented op a red background. The results obtained in these
metacontrast and apparent motion studies are consistent with a decrease in the activity of
transient cells, as discussed in Chapter 2. Metacontrast studies have alsp been conducted
with SRDs, and will be reviewed in the following chapter.

5.2.2

The Effect of Blue Light on Transient System Activity

The author is unaware of any physiological measures which have demonstrated an
increase in transient functioning with blue light. Psychophysical experiments however,
conducted on adults and SRDs, have demonstrated a perceptual effect which suggests
that blue light increases transient activity.
Williams et al (1991), in the metacontrast paradigm mentioned above, presented subjects
with a small target slash, flanked by masks consisting of either a two or twelve degree
spatial frequency mask of alternating black and coloured lines. They demonstrated that a
blue mask increased metacontrast relative to a white, red, or green mask. Furthermore,
the dip of the metacontrast function shifted to longer delays in the blue condition.

Williams et al (1991) concluded that, as results from the red mask condition reflected a
decrease in magnitude and slowing down of transient activity, the resuhs obtained in the
blue mask condition must, conversely, reflect an increase in magnitude and 'speeding up'
of transient activity.
Williams and colleagues went on to test the theory that blue light increases transient
functioning by conducting studies with reading disabled children. These studies will be
reviewed in more detail in the following chapter.

5,3

Conclusion

There appears to be substantial evidence that transient system activity is tonically
suppressed by diffuse red light, however the perceptual consequences of this effect are
insignificant compared to the superior colour coding properties of the parvocellular
system, resulting in the general understanding that "only parvocellular neurones have
the chromatic properties requiredfor colour vision'' (Derrington, Krauskopf & Lennie
1984, p 264).
There does, however, appear to be an apparent conflict between original conclusions
based on physiological studies, lesion studies, and psychophysical studies, compared to
recent psychophysical studies conducted by Williams and colleagues. The former studies
have given no indication of an increase in transient system activity. Indeed, it has been
suggested that such cells do not even receive input from blue cones (Gouras 1968; De
Valois & De Valois 1975). Williams et al (1991) however, have proposed that transient
system activity is affected by a range of wavelengths, most significantly that it is
increased with blue light. However, Williams et al have failed to suggest a physiological
substrate mediating these responses.

Aside from the academic argument that questions why the increase in transient system
activity with blue light has not been obtained in the past, and what the biological
architecture of such an effect might be, the remedial implications for reading disabled
children on a practical level, are considerable.

CHAPTER 6
CHROMATIC EFFECTS IN STUDIES OF SPECIFIC READING
DISORDERS

The results of studies reviewed in Chapter 3 point to a visual deficit in many SRD
children that is unique to the transient system, while leaving the sustained system intact.
Williams, Weisstein and LeCluyse (1990) tested SRDs and normal readers on a
metacontrast experiment, using the same technique as Williams et al (1991). Subjects
were required to detect a small slash in the centre of the screen which was flanked by a
mask consisting of two small squares of alternating coloured (red, blue, green or white)
and black lines. The researchers found that for disabled readers, the location of the dip in
the metacontrast function generally occurred at shorter delays for SRDs, and was smaller
in magnitude compared to normal readers. This general result suggests that the
processing rate in the transient system is slower for reading disabled children compared
to normal readers. For both groups of children, the red mask decreased metacontrast
relative to the white mask condition. However, in regards to the blue mask, it was found
that for SRD children, the blue mask resuUed in a similar time course to that produced
by the white mask in the control children. This finding was interpreted to suggest that
blue light may produce a normal time course of processing in disabled readers, and is
consistent with the claim that blue light may enhance processing rate in transient
channels.
Williams et al (1992) investigated the effects of colour on the actual reading performance
of normal and SRD children. In the first study, subjects were presented with dimly (1.32.7 c d W ) coloured words on a black background, in either a one-word, whole-line, or
whole-text condition. This study was followed by two subsequent studies. One study

utilised computer-generated coloured backgrounds, while in the other experiment,
passages from graded reading books were covered with blue, red, green, grey or clear
plastic overlays. Multiple choice questions of literal comprehension were presented after
reading the passages in each experiment to check reading comprehension. The dependent
variables were percent correct on the reading comprehension questions and reading rate.
They found that in the first experiment, blue text significantly increased comprehension
in the free eye movement condition for SRDs, while red text had an overall detrimental
effect for both SRDs and normal readers. In the second and third experiment, they found
that reading rate increased with blue overlays and backgrounds, and decreased with red,
as compared with clear conditions for both normal and disabled readers.
Greer and Williams (1995) furthermore report colour differences in temporal order
judgment and visual reaction time - additional measures of transient system activity (refer
Chapter 2) - in both normal and SRD children. In the visual reaction time study, subjects
were required to respond as quickly as possible to a small coloured square presented on
a computer screen. Children in the control group responded faster than SRD children in
all colour conditions. Furthermore, for reading disabled children, the red and white
conditions were significantly slower than the blue and grey conditions. Similarly, for the
normal reading control group, the blue condition resulted in faster RTs while the red
condition resulted in significantly slower RTs compared to all other conditions. These
temporal differences between colour conditions and reading ability were subsequently
replicated in the temporal order judgement study in which subjects were required to
determine to temporal order of coloured letters presented in the centre of the computer
screen.

The results obtained by Williams and colleagues on reading disabled children parallel
those obtained by Williams et al (1991) on adult subjects, suggesting that blue light
enhances transient activity. These results are clear and robust enough to be displayed in
three measures of transient functioning and over spatial frequency (Williams et al 1991).
However, the question remains as to why previous psychophysical and physiological
studies have failed to display such results.

CHAPTER 7
A SUMMARY OF THE RESEARCH AND RATIONALE FOR THE
EXPERIMENTS

Information from the retina to the visual cortex appears to be carried by at least two
separate, but interacting visual pathways - the transient and sustained systems (e.g.,
Breitmeyer 1975; Breitmeyer & Ganz 1977), or the magnocellular and parvocellular
systems (Livingstone & Hubel; 1988). These terms are commonly used in conjunction
with psychophysical data, or physiological studies respectively (Badcock & Smith 1989;
Breitmeyer 1984). These two systems appear to be specialised for carrying different
types of visual information. For example, the transient system responds quickly and
transiently to stimulus onset and offset, and is most sensitive to low spatial frequencies,
contrast, depth, and movement information. Alternatively, the sustained system responds
throughout the duration of a stationary, or slowly moving stimulus, and is most sensitive
to information such as high contrast, high spatial frequency, and colour (Livingstone &
Hubel 1987; 1988). Psychophysical studies exploring transient system activity commonly
employ different research paradigms such as metacontrast, apparent motion, visual
reaction time, and visual temporal order judgement, all of which are believed to represent
transient system activity, or transient and sustained interactions (e.g., Breitmeyer 1975;
Petersik & Pantle 1979; Breitmeyer 1984; Jaskowski 1993). Possibly the strongest
differentiation between the two systems is in terms of colour processing. Physiological
studies using direct inter-cell recordings, of both retinal ganglion cells and lateral
geniculate nucleus cells, have demonstrated that magnocellular neurones are entirely
broadband, or have broadband centres that are tonically suppressed by diffuse red light
(Wiesel & Hubel 1966; Dreher et al 1976; Kruger 1977; Schiller & Malpeli 1978;

Derrington et al 1984). Psychophysical studies make similar claims. For example,
Breitmeyer and Williams (1990) found that the magnitude of both metacontrast and
apparent motion was decreased when red backgrounds, compared to equiluminant green
or white backgrounds were used. According to the transient-sustained theories of
metacontrast and apparent motion, these results indicate that the activity of transient
channels is attenuated by red light. Williams et al (1991), using another metacontrast
paradigm, also found that red light decreases sustained activity.
The results demonstrated with blue light however, are a little more complex. Direct cell
recordings of magnocellular neurones have not demonstrated a clear effect of blue light
on the magnocellular system. Psychophysical studies on adults, normal-reading children
and reading disabled children, however, have demonstrated what has been interpreted to
reflect an increase in the speed and extent of transient activity with blue light. For
example, Williams et al (1991) using the above mentioned metacontrast design, found
that the rate of processing of transierit channels increases as wavelength decreases.
Similarly, Williams et al (1990), also using a metacontrast paradigm, found that a blue
mask resulted in an increase and shift to the right of the metacontrast function, compared
to the red mask.
Studies with SRDs utilising reading ability (Williams & Lovegrove 1992), metacontrast
(Williams et al 1990), as well as visual temporal order judgement and visual reaction
time (Greer & Williams 1995), have also demonstrated results which are consistent with
enhancement of transient activity with blue light.

These results reveal a number of impprtant theoretical issues. The first of these is the
apparent conflict between the original physiological studies, and the more recent

psychophysical studies obtained by Williams and colleagues. Original physiological
studies concluded that transient cells are colour insensitive to all wavelengths other than
diffuse red or white light (e.g., Wiesel & Hubel 1966). Williams and colleagues however,
using less sensitive psychophysical measures have suggested that the transient system is
affected by all wavelengths, with the speed and degree of transient activity increasing
with decreasing wavelength.

If Williams and her co-workers are correct in their assertion that the transient system is
affected at all wavelengths, it would be expected that psychophysical measures reflecting
transient mechanisms would demonstrate different effects depending on the colour of the
displays. For example, if transient system activity is attenuated by diffuse red light, then
psychophysical measures of transient functioning should reflect a smaller response,
whereas larger responses should be demonstrated in blue conditions if transient system
activity is increased by blue light. Furthermore, if the hypothesised colour effects are due
to wavelength rather than perceptual colour, psychophysical measures should generate
greater colour differences when wavelength specific colour filters are used, compared to
broadband colour displays.
If psychophysical measures demonstrate what can be interpreted to reflect an increase in
transient functioning, the question still remains regarding why such effects were not
displayed in physiological measures. One suggestion is that the transient system activity
is responding in a compensatory way to the removal of red light, rather than being
affected by the blue light per se, given that there appears to be no physiological substrate
within the neural architecture to respond to the effect of short wavelength light. If this is

the case, then psychophysical measures of transient system activity should reflect a
progressive increase in responding with larger deviations from long wavelength light.
Another possible explanation reflects the nature of the materials used. Williams and her
co-workers have typically used computer generated displays for their colour studies.
Colours generated on a computer screen are generally broadband (Travis 1991), making
conclusions in regards to wavelength difficult. Conversely, direct cell physiological
studies have typically used Kodak Wratten colour filters which are relatively wavelength
specific. This suggests that the results obtained by Williams and colleagues may reflect
some perceptual artefact associated with the broadband nature of the colour computer
screen. Therefore, transient system activity, reflected in computer-generated
psychophysical measures, may be responding to some perceptual artefact inherent in
computer generated displays of coloured light such as luminance or contrast.
Furthermore, the psychophysical experiments reviewed in the previous chapters have
typically used few subjects. For example, Williams et al (1991) and Breitmeyer et al
(1991) used only three subjects, only one of whom was naive to the nature of the
experiment, to generate their metacontrast results. While it is difficult to recognise the
durations associated with each SOA condition in a metacontrast paradigm, it is still not
unreasonable to suggest that the nature of the subject pool may lend itself to reducing
the generality of the results.

Utilising methods such as metacontrast, apparent motion, and reaction time measures,
the experiments conducted in the next section of this thesis are designed to explore these
issues, with the aim of determining the nature of these colour effects on the transient
system. It is predicted that these psychophysical measures will reflect a decrease in

transient system activity using red displays, and an increase in activity using blue
displays. The incompatibility between physiological and psychophysical results will be
explored in the context of a progressive removal of red light, and in all conditions, the
results will be based on larger samples of naive subjects, in order to facilitate the overall
generality of the results.

CHAPTER 8
METACONTRAST MASKING AND THE EFFECT OF COLOUR

8.1

An Outline of the Experiments in this Chapter

The general aim of this first series of experiments is to demonstrate colour effects in
metacontrast masking. If blue light increases transient functioning, and red light
attenuates transient functioning, then the U-shaped function in the metacontrast
paradigm under blue conditions should result in an increase and shift to longer SOAs,
due to stronger transient on sustained inhibition. Red light, alternatively, should result in
a flattening of the function, and a shift to shorter delays. Furthermore, if the blue induced transient system shift is to be useful as a general remedial application in SRD
populations, the effect must be robust enough to be replicable over different naive
observers and populations, as well as different metacontrast designs and technical
equipment.
Experiment 1 is intended to establish a clear and robust metacontrast design from which
to build further research. The metacontrast paradigm is an achromatic display adopted
from Hogben and Di Lollo (1984), in which subjects are presented with a nine-dot
matrix, from which one dot is missing randomly on each trial. The subjects task is to
indicate on each trial, which dot is missing.
The displays used in the current series of metacontrast experiments, is different from that
used by Williams et al (1991), who used a simple 2-way forced choice design at low
luminances. The change in paradigm was chosen initially, because of the lower
probability of guessing the correct answer, associated with a nine-way, forced-choice
design, compared to a two-way design. Furthermore, the U-shaped functions obtained by

researchers such as Hogben and Di Lollo (1984) and Edwards et al (1996), who have
used this design, appear to be somewhat more robust than those obtained by Williams et
al (1991). However, this design was finally adopted as a resuh of difficulties in obtaining
reliable metacontrast functions using Williams' design. Numerous small pilot studies
were conducted in an attempt to replicate the basic metacontrast functions obtained by
Williams et al (1991). At no point were consistent, reliable U-shaped functions obtained,
even when factors such as; target and/or mask durations, ISI, number of trials,
background and/or target luminance, duration of the experiment, subject selection, room
illumination and computer hardware were fiarther manipulated. It is predicted, that it may
be the interactions between a combination of two or more of these factors, of which the
author is unaware, that frustrated attempts to obtain reliable U-shaped metacontrast
Sanctions. It is hypothesised that the paradigm adopted from Hogben and Di Lollo
(1984) will give a clear U-shaped function, and as it is the nature of the metacontrast
function that is under investigation, it is not anticipated that a change in the design
should produce adverse effects, as long as a clear U-shaped function is produced.
Experiment 2 explores the effect of colour on metacontrast masking. Breitmeyer and
Williams (1990) displayed stimuli on red or green coloured backgrounds, and
demonstrated that the red background decreased the metacontrast Sanction. Utilising the
same principles, the displays from Experiment 1 are presented on isoluminant red, blue,
or grey backgrounds. It is predicted that the blue backgrounds will result in stronger
transient-on-sustained inhibition, thereby producing a metacontrast function that is
deeper, with the point of maximum masking at longer SOAs. The red condition is
predicted to show less masking, and a shift to shorter SOAs.

The same results are predicted for Experiments 3, and 4. In Experiment 3, the size of the
mask is increased to be the same relative size compared to the target as in Williams et al
(1991). Furthermore, the masks were coloured red, blue, or grey, and presented on a
black background with a monochromatic target. Experiment 4 is designed to utilise the
same metacontrast principles as the previous experiments, but presented in different
environmental conditions. The experiments by Williams et al were conducted in light,
photopic conditions, whereas the previous experiments in this series were conducted
under dark, scotopic, or mesopic conditions. Experiments 1, 2, and 3 were conducted
under scotopic conditions for the following reason: the displays used in the current series
of experiments were more complex than the simple slash used by Williams et al (1991),
and therefore, in order for the displays to be sufficiently discriminable, and the colours
sufficiently bright, the contrast between the signals and background had to be reasonably
high. This criterion was more easily achieved in dark conditions, rather than mixing the
colours to achieve high luminance such as in Experiment 4. Furthermore, research has
suggested different rates of processing for transient and sustained cells, for dynamic
acuity in photopic scotopic, and mesopic conditions (Breitmeyer 1984; Long & Garvey
1988). This experiment, therefore, u^es the same stimuli as Experiments 1, 2, and 3,
presenting the displays in different experimental conditions, with coloured masks.
The experiments conducted in this series are therefore designed to give a full and
detailed account, or description of the effects of colour on metacontrast.

8.2

Experiment 1

Aims and Objectives
Metacontrast is sometimes difficult to demonstrate as it is dependent on a number of
interrelated factors, as discussed in Chapter 2. Before proceeding further therefore, it is
important to establish an effective metacontrast paradigm on which subsequent studies
may be based. Williams and colleagues achieved differential effects of colour on
metacontrast using a simple paradigm, in which the response criterion was to determine
the orientation of a small slash presented in the center of a computer screen (e.g.,
William^ et al 1991). As mentioned in the preceding section, if the colour and
metacontrast interaction is robust enough to be utilised as a remedial technique, then it
must at least be generalisable to other metacontrast paradigms. Furthermore, given the
lack of physiological evidence supporting an increase in transient activity with blue light,
the effect must be replicable in different experiments, in different laboratories, and under
different conditions, in order to provide a strong argument for its durability as a theory.
Hogben and Di Lollo (1984) achieved strong metacontrast effects when subjects were
required to indicate the missing dot in a small square of nine dots, which was masked by
two similar displays appearing in adjacent locations at varying intervals. As discussed in
the previous section, this paradigm will therefore be adopted in the current series of
experiments. Furthermore, as well as displaying metacontrast functions, it is important to
explore whether or not the intended target/mask display is robust enough to extend to
other measures transient and sustained interactions, such as diswhibition.
Disinhibition is another masking paradigm that is considered to exploit the same transient
on sustained interactions as metacontrast. If a target is presented concurrently with, or
quickly followed by a third stimulus referred to (arbitrarily) as mask 2, the perception of

the target is improved and is said to have undergone target recovery, or disinhibition
(Dember & Purcell 1967; Breitmeyer 1978; 1984; Breitmeyer, Rudd & Dunn 1981;
Purcell, Stewart & Hochberg 1982). This effect is a relatively robust one, and has been
noted under a variety of conditions, such as spatially overlapping solid masks (Dember &
Purcell 1967), patterned masks (Dember, Shwartz & Kocak 1978), and luminance masks
(Stewart, Purcell & Dember 1968), with subjects making simple detection decisions
(Breitmeyer et al 1981) or more complex identifications (Dember & Purcell 1967;
Breitmeyer 1978).
Breitmeyer (1978) required subjects to respond to Vernier Acuity targets, and presented
flanking bars as mask 2 (M2) concurrently with the target. These were followed by a
second set of flanking bars - mask 1 (Ml). He found that subjects ability to identify the
target increased with the presentation of M2, compared to when M2 was absent. In
subsequent studies Breitmeyer et al (1981) used as a target a black circle surrounded by
two black annuli which were Ml and M2 respectively, to form a 'bulls-eye' display.
Using only the inner annulus as a mask they found typical U shaped functions at SOAs of
45-65 msec. Holding the target - Ml latency constant, and varying the onset of M2,
they found target recovery at SOAs ranging from -60 to 30 msec.
The disinhibition phenomenon has been explained by Breitmeyer (1978; 1981; 1984),
and Breitmeyer and Ganz (1976) as an extension of the transient and sustained
interactions found in normal metacontrast, such that the combined inhibitory sustainedon-transient interactions from the target and M2 are together stronger than the transienton-sustained inhibition from Ml to the target. This results in an inhibition of Ml by M2
and subsequently reduces the inhibitory effect of Ml on the target. Refer Figure 8.1. If
this explanation is indeed the case, a target/mask display that is stable enough to

demonstrate both metacontrast and disinhibition should be a reasonably sound base from
which to explore the effects of colour on metacontrast.
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The collective inhibitory effect from the sustained imptdses ofM2 and the

Target on Ml, is enough to overcome the transient on sustained reaction from Ml to
the Target, thus resulting in target recovery.

The following experiment is an attempt to replicate the results obtained by Hogben and
Di Lollo (1984), and generalise the design to include a disinhibition paradigm. It is
hypothesised that metacontrast masking, reflected in a non-monotonic U-shaped function
with a single mask, will be found. This will be interpreted as an index of transient on
sustained inhibition. Secondly, it is predicted that disinhibition will be demonstrated by a
decrease in the extent of the metacontrast function, when a second mask appears
concurrently with the target. This is suggested to reflect the combined sustained
responses from the target and second mask, inhibiting the transient response of the first
mask.

Method
Subjects

Forty Five students from the 1st Year psychology course at

Wollongong University participated in this experiment. They received percentage points
toward their total semester mark for participation. The data for fifteen of these subjects
was eliminated from the analysis, three as a result of technical difficulties, and twelve as a
resuh of being unable to pass the practice trials. The remaining 30 subjects were assigned
in order of presentation, to two experimental conditions of fifteen participants each.

Apparatus

The target/mask display was adapted from Hogben and Di Lollo

(1984). For the metacontrast condition, the target consisted of a 5 mm x 5 mm square
composed of a three x three square matrix of points, subtending 0.3 degree of visual
angle. Each point on the matrix consisted of a single pixel dot, approximately .06
degrees of visual angle. On each trial, one of the nine points (randomly determined) in
the matrix was missing. The mask (Ml) consisted of two complete matrices, to the left
and right of the target, and separated from it by 4 mm, or 0 .23 degrees visual angle.
In the disinhibition condition, the target and mask were accompanied by a second mask
(M2) which was the same as Ml but separated from it horizontally by 4 mm (0.23
degrees of visual angle), such that in the no-delay condition, the ftill display would
consist of five matrices in a row, with a dot missing from the middle display. Refer
Figure 8.2.
All displays were viewed binocularly and presented on the screen for 15 msec: that is,
they were painted in a memory buffer and then the complete stimulus was displayed on
the screen. All displays were presented in white (as determined by the default palette) on
a black background, of approximately .01 cdW, controlled by an AT microcomputer

driving a VGA colour monitor with a 27 x 21 cm screen. The luminance of the displays
varied according to the individual observer (as outlined below) and was consistent
throughout the experiment for each observer. Displays appeared randomly .6 degrees
above or below the fixation point.
The following stimulus-onset asynchronies (SOAs) were specified by the computer
program: 0, 10, 20, 30, 50, 80, 110, 140, 170 msec. Because the monitor refresh rate
was approximately 17 msec, it was anticipated that a close approximation to these times
was actually used. However, as the number and choice of delay conditions within a
particular time frame is relatively arbitrary, the slight differences in timing from the
specified programming is not expected to adversely affect the results. Similar
assumptions are made in all experiments except Experiment 8, which uses delay values
which are multiples of 17. The experiment was conducted under dark conditions, with all
room illumination extinguished.

Procedure

In both the metacontrast and disinhibition conditions, subjects

were familiarised with the displays through three practice conditions. The first ten trials
consisted only of the target display, the following ten trials consisted of both the target
and mask display as presented in the actual experimental trials. This was then followed
by 20 trials consisting of the target and mask display presented simultaneously (Hogben
& Di Lollo 1984). In this third stage of practice trials, the luminance of the display was
adjusted manually at the end of each set of 20 trials, using the brightness controls on the
monitor, and varied to reach a level where subjects obtained between 85% and 90%
correct. Because the displays were white on a grey background, varying the brightness of
the display simultaneously varied the contrast between the signals and background.

On each trial, a fixation point of one screen pixel appeared in the centre of the screen for
500 msec. In the metacontrast condition, the fixation was followed one second later by
the target, which was then followed by M l at a randomly chosen SO A. The disinhibition
condition proceeded the same way, except that M2 appeared simultaneously with, and
for the duration of, the target display, which was then followed by M l . Subjects
responded via the right-hand numerical keypad, such that the location of the nine
numbers on the keypad corresponded to the location of the missing dot.
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Figure 8.2

Representation of the target and mask displays used in the metacontrast

experiments.

Results
The mean scores were generated for each condition, for each subject, and those scores
were then averaged over the subjects. The scores in each condition are represented in
terms of scores relative to baseline. These were calculated by determining the difference
between the score and the baseline (delay condition 1) (e.g., Williams et al 1991). These
mean scores are represented in Figure 8.3 as well as Appendix 1, which also presents the
overall standard deviations and ANOVA summary table.

A 2-way ANOVA was conducted on the data which revealed a main effect of condition
F(l,29) = 7.20, p < .05, indicating a clear difference between the metacontrast and
disinhibition conditions. The main effect of delay F(7,203) = 12.80 p < .0001, was
further explained by a polynomial analysis run on each condition over delay, which
demonstrated a significant quadratic component for the metacontrast condition F = 29.5,
p < .01. Further polynomial analysis, indicated no significant quadratic component for
the disinhibition condition F = 4.86, p = NS. The difference between the two conditions
over delay is significant, F(7,203) = 4.39, p < .0001.
It is clear from both the statistical results and Figure 8.3, that in the metacontrast
condition, accuracy in detecting the target decreased as the delay between the target and
mask increased, until a minimum was reached at 50 msec, afler which subjects became
increasingly better at detecting the target with an increase in delay. This contrasts with
the disinhibition condition, which demonstrates only a small reduction in accuracy at a
shorter SOA than that demonstrated in metacontrast, suggesting that as predicted,
subjects are more consistent in their performance over SOA in the disinhibition
condition, compared to the metacontrast condition
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Figure 8.3 Mean percent correct as a function of delay, averaged over all subjects for
Experiment 1. Scores are relative to baseline.

The metacontrast condition is a successful replication of Hogben and Di Lollo (1984),
with the minimum or dip around 50 msec. Furthermore, the flanking mask in the
disinhibition condition appears to have successfully reduced the masking effects. The
significant interaction reveals a reduction in masking over delay conditions, with a slight
shifl to the lefl in the disinhibition condition, compared to the metacontrast condition.

Conclusion
It should be considered that a number of subjects were unable to contribute to the results
(15 out of 45), however, the results for only 12 of these were eliminated because of a
failure to pass the practice trials. Thii is a factor that should be assessed in the
subsequent experiment. However, given the overall strength of the both the metacontrast
and disinhibition functions and the low deviation scores, it is assumed that the integrity
of the above design is maintained, and as hypothesised, the masking paradigm used here

appears to be a reliable and effective technique for demonstrating metacontrast functions.
Furthermore, as demonstrated by the significant reduction in masking in the disinhibition
condition, these stimuli and procedures have also proven resilient enough to demonstrate
examples of transient and sustained interactions in other paradigms.
In order to investigate the suggestion that red and blue lights differentially affect
transient and sustained interactions, the next series of experiments will, therefore, aim to
test the effects of colour on metacontrast.

8.3

Experiment 2

Aims and Objectives
Breitmeyer and Williams (1990), and Breitmeyer, May and Heller (1991) found that a
longer wavelength mask or background decreased the extent of masking, compared to
shorter wavelengths. Similarly, Williams et al (1991) found that a red display reduced
metacontrast, shifting the dip to the left, while a blue or green display shifted the dip of
the metacontrast ftinction to the right. Based on the evidence that magnocellular activity
is attenuated by long wavelength light (De Valois, Abramov & Mead 1967; Wiesel &
Hubel 1966; Schiller & Malpeli 1978; Derrington et al 1984), these researchers
suggested that their results may be due to the red stimuli attenuating transient
functioning, thus reducing the transient-on-sustained inhibition from the target to the
mask. In addition, they concluded that the blue stimuli may accentuate and speed up
transient activity, thus increasing the magnitude of the dip, and lengthening the duration
at which the dip occurs.
It is suggested therefore, that the metacontrast display used in the previous experiment
will result in less masking with a shift in the ftinction to the left when presented on a red
background, and more masking with a shift to the right when presented on a blue
background, compared to presentation on a neutral background.

Method
Subjects

Thirty subjects participating in a second year Cognitive

Psychology course at Wollongong University participated as part of a course
requirement. The data for ten subjects was eliminated from the analysis, due to an
inability to complete the practice trials. All subjects participated in all conditions. Again,

as with Experiment 1, a large number of subjects were unable to pass the practice trials.
Anecdotal evidence suggests that a higher proportion of these subjects were male, which
opens up clear avenues for speculation regarding gender differences in metacontrast
demands (also refer to Experiment 3). Subsequent experiments which manipulate target
duration however, appear not to suffer from such problems.

Apparatus

The equipment and displays used in this experiment were the same

as that used in the previous experiment. Isoluminance was obtained through flicker
photometry, and measured using a standard Tektronix J16 Option 02 Digital Photometer
directed at an appropriately coloured square presented steadily against a black
background. This method of measurement has been shown to be comparable to results
obtained using flicker photometry (Kelly 1983; Cavanagh 1989 cited in Williams et al
1991). The colours were generated from a palette of 64, such that the respective colour
inputs were red - RGB(30,0,0), blue - RGB(0,0,48), and grey - RGB(15,15,15). On each
trial, the background colour was chosen such that changes were seen immediately,
equivalent to setting the flood overscan colour. The subject therefore did not see the
screen painted from top to bottom through each colour change. The target/mask
elements were black RGB(0,0,0), with a luminance <.01 cdW.

Procedure

The practice trials initially consisted of each subject determining

an isoluminant red, blue, and grey value via flicker photometry, this was later abandoned
for the more expedient measurement by a photometer. Little differences were apparent
between the results of the two methods. The luminance of the target and mask display
was determined in the 3rd set of practice trials, in a manor consistent with Experiment 1,
such that the black displays were adjusted between black through grey values, until the

foreground/background contrast was such that the subject was responding between 85%
and 90% correct.
The experiment consisted of four blocks of 96 trials. Within each block were four sets of
24 trials. Each subject was given the opportunity to rest his/her eyes between each set,
and to have a ten minute break between each block. The total number of cells was 48
(two conditions; metacontrast and disinhibition, by eight delay conditions, by three
colours - red, blue, and grey). This design resulted in eight observations per cell.
The same metacontrast and disinhibition paradigms were used as for Experiment 1, and
were randomised between blocks. The background colour varied between isoluminant
red, blue, and grey, and the luminance values were approximately 11.3 c d W for each
colour condition. The background colour was randomised within blocks, and appeared
two seconds before the fixation point, remaining steady throughout the trial, and
disappearing 300 msec after the offset of the mask. These timing factors differ from
those used by Breitmeyer et al (1991) as they blocked colour, rather than randomising it
between blocks. Possible implications of this will be discussed in the conclusion. The
screen was then black while the subject responded. The final delay period was removed
from the experiment in an attempt to reduce the number of experimental conditions. The
SOAs therefore were 0, 10, 20, 30, 50, 80, 110 and 160 msec. The eight delay
conditions were also randomised within blocks, and the order of the four blocks was
randomised across subjects. The experiment was conducted in a darkened room, with the
combined light source from the computer monitor and outside illumination resulting an
ambient illumination of < 5 c d W .

Results
The results were initially analysed in the same way as with Experiment 1. These results
therefore, are the mean scores for each condition, for each subject. These scores then
formed the basis for the baseline measures, in which the score for each delay/colour
condition, for each subject was calculated relative to the baseline (SOA = 0) for each
subject. The average of these baseline measures over all subjects were the results used in
the ANOVA. Figures 8.4 and 8.5 illustrate these mean scores, while Appendix 1 also
includes standard deviation and ANOVA source tables. The results found in the
disinhibition condition mirrored those in the metacontrast condition (an analysis of task
revealed F = .00, p = NS). In this series of experiments, metacontrast is the more
theoretically significant aspect of the design, therefore only the metacontrast results are
displayed. The results revealed no significant effect of colour F(2,38) = .77, p = NS, a
significant effect of delay F(6,114) = 26.36, p < .001, and no significant colour by delay
interaction F(12,228) = 1.55, p = NS. A polynomial analysis was run for each colour
condition over delay. The grey background demonstrates a significant linear F = 58.10, p
< .001, and quadratic component F = 7.82, p < .05, the blue background demonstrates
only a significant linear component F = 34.89, p < .001, and the red condition also
revealed only a significant linear component F = 31.36, p < .001.
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Figure 8.4

Percent correct relative to haselim as a function of SOA, in the

metacontrast condition for Experiment 2.

Conclusion
The predicted colour effects were not demonstrated in this experiment, however the
most striking change from Experiment 1 to 2 evident in this analysis, is the shift from
nonmonotonic - Type B functions in Experiment 1, to monotonic - Type A functions in
Experiment 2 over all conditions.
The results illustrated in Figure 8.4 suggest that the grey condition produced a nonmonotonic function, with the minimum around 30 msec, however the polynomial analysis
indicates a stronger linear component compared to the quadratic component. Both the
blue and red conditions, however, demonstrated clear monotonic functions in which
accuracy relative to the baseline condition increased with increasing SOA. This is
supported by significant linear components in the polynomial analysis, and no significant
quadratic components.

Researchers and theorists on metacontrast suggest that monotonic type A masking can
only be obtained when mask energy is stronger relative to the target (Kolers 1962;
Kahneman 1968; Stewart & Purcell 1970; Weisstein 1971; Turvey 1973; Stewart &
Purcell 1974; Breitmeyer & Ganz 1976; Breitmeyer 1978; Breitmeyer 1984). This
transition from nonmonotonic to monotonic functions, with an increase in the mask to
target energy ratio, has been explained by Breitmeyer and Ganz (1976) and Breitmeyer
(1984) as reflecting the transient/sustained dichotomy. As described in Chapter 2, Ushaped metacontrast is believed to reflect transient-on-sustained inhibition from the mask
to the target. The same authors similarly conceptualise Type A functions as reflecting
sustained-on-sustained inhibition from the mask to the target. Breitmeyer and Ganz
(1976) and Breitmeyer (1984) point out that transient neurones saturate at a faster rate
than sustained neurones when there is an increase in stimulus energy, resulting in an
increase in sustained cell activity for the mask relative to the target. When mask energy
increases, a stronger inhibitory response from the sustained response of the mask is
generated, inhibiting the sustained response of the target. The result of these interactions
is an impairment in the detection of the target when the target and mask are presented
together, because the sustained response of the mask overlaps the sustained response of
the target. As SOA increases, the enhanced sustained response of the mask moves
beyond the sustained response of the target, and as a result, the target becomes
progressively more visible. What this theory suggests is that Type A ftinctions in
metacontrast can only be obtained under conditions that differentially affect the sustained
response of the mask. Indeed, Weisstein (1968) suggests that the target/mask energy
ratio should be less than 10:1 for monotonic functions to be produced.

In the current experiment, the target and mask conditions were the same as those
presented in Experiment 1. The only methodological difference between Experiments 1
and 2 is that the displays were presented on a coloured background. Breitmeyer and
Williams (1990), and Breitmeyer et al (1991) similarly presented displays on a coloured
background and report nonmonotonic functions. However, in Breitmeyer and Williams
(1990) the background luminance was 4.0 c d W , and in Breitmeyer et al (1991) the
background luminances were 7.5 c d W . In both cases, the background luminance is in
the mesopic range. The background colours in this experiment were isoluminant at 11.3
c d W in the photopic range (Reeves 1986). Similarly, Edwards et al (1996) demonstrate
a decrease in the extent of metacontrast masking with a red background, compared to a
grey background, however, as with Breitmeyer and Williams (1990), the background
luminance levels were very low, at 3.0 cd/m^. Furthermore, the colours were randomised
between blocks in the Breitmeyer studies, whereas colour was randomised within blocks
in the present study.
Nevertheless, the sustained-on-sustained interaction suggested by Breitmeyer and Ganz
(1976), and Breitmeyer (1984) indicates that the mask energy must be differentially
increased by duration, luminance, or figure/ground contrast (Kahneman 1968), compared
to the target. The primary difference between Experiments 1 and 2 is in terms of
background luminance, which is consistent over both target and mask displays. It is not
clear therefore, how the mask might be exclusively affected by the background colour
compared to the target. For the transient response elicited by the offset of the
background to affect the mask response in any way, the coloured background would
have needed to have disappeared at least 100 msec earlier than it did. Similarly, onset of
the background occurred at least four seconds before the onset of the target, a length of

time far too great to affect the transient/sustained responses of the target (Breitmeyer &
Ganz 1976). As a result, the monotonic functions obtained in this experiment are difficult
to explain in terms of the sustained-on-sustained interactions suggested by Breitmeyer
and Ganz (1976), and Breitmeyer (1984). Indeed Breitmeyer (1984, p 106) suggests:
" As a rule of thumb, one can state that a Type A metacontrast function obtained with a
T/M energy ratio greater than unity and with a brightness and contour discrimination
task would pose a problem for theories of Type B metacontrast. However to my
knowledge no study has ever reported such a result.''

8.3.1

The Effect of the Baseline Measure on Results

The above analysis was conducted using relative data measures, with the score for each
cell (for each subject) relative to the score at baseline. While the baseline measure is
typically a no mask condition (e.g., Williams et al 1991), in the case of this experiment,
the baseline measure was 0 SOA in keeping with Experiment 1. Another measure used to
generate the metacontrast function is the absolute percent correct for each subject (e.g.,
Edwards et al 1996). The results generated using percent correct are presented in Figure
8.5.
It is clear from Figure 8.5 that when an SOA of 0 is included in the analysis, a distinct
nonmonotonic function is apparent. Indeed, a review of the literature suggests that in a
number of studies, reducing the X axis to exclude the first delay condition, can similarly
modify the nonmonotonic function (e.g., Mayzner et al 1965; Matteson 1969; Stewart &
Purcell 1974; Bridgeman & Leff 1979; Hogben & Di Lollo 1984; Williams, Molinet
LeCluyse 1989; Williams et al 1991 [particularly the red condition]; Breitmeyer et al
1991). Therefore, contrary to the initial analysis, the primary difference between this and

the results in Experiment 1 is a shift in the left of the metacontrast function for both
colour conditions.
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Figure 8.5

Percent correct identifications are plotted relative to SO A for

Experiment 2

An ANOVA, similar to that conducted in the initial analysis, indicated a significant main
effect of colour F(2,38) = 6.27, p < .05, a significant main effect of delay F(7,133), p <
.001, and no delay by colour interaction F(14,266) = 1.58, p = NS. The resuhs as
demonstrated by Figure 8.5, suggest that there is a clear dip in the metacontrast function
for the grey condition at 50 msec, with an accuracy of 50.9%. The dip in the function for
both the red and the blue conditions has moved to the left, while masking increased
overall in the blue condition, and decreased in the red condition. These findings are
partially as predicted, with an increase and decrease in masking in the blue and red
conditions respectively. However, the shift to the left reflects only that predicted by the
red condition. Furthermore, compared to the neutral condition, the decrease in masking
was in a magnitude of only five percent for the red condition, and two percent for the

blue condition. Indeed, in terms of the magnitude of masking, the least difference
between the three conditions appears to be at the respective dips, with the clearest
differences at longer delays.

The initial analysis reported a shift from a nonmonotonic type B function to a monotonic
type A function, with no significant colour effects. In the latter analysis, significant
colour effects were obtained, however the pattern of effects is not as clear as expected,
and the Type B function is determined entirely by performance on the first delay
condition.
Given the background luminance differences between Experiment 1 and Experiment 2, it
is reasonable to suggest that the results obtained in the present experiment may be a
result of the change in background luminance from Experiment 1 to Experiment 2.
Experiment 3 therefore, will employ coloured masks on a black background. Moreover,
a more appropriate baseline measure is a no mask condition (e.g., Williams et al 1991),
which allows analysis of all data points compared to the condition in which the subject
sees the target alone, without the interference of a mask. Furthermore, the inclusion of a
no mask condition as the baseline measure allows the addition of 0 SOA in the analysis
as a unique delay coildition.

8.4 Experiment 3
Aims and Objectives
It was concluded in Experiment 2, that the differences in background luminance from
Experiment 1 to Experiment 2, may have obscured any clear colour differences in the
metacontrast function demonstrated in Experiment 2. Furthermore, although the use of a
coloured background has been utilised by other researchers (Edwards et al 1996;
Breitmeyer & Williams 1990), it is specifically the transient activity of the mask on the
target, that is hypothesised to result in differential shifts in the metacontrast function with
wavelength. A coloured background in this type of metacontrast experiment, should
uniformly affect the transient responses of both the target and the mask. The interaction
of interest in the current series of metacontrast experiments is the effect of the transient
response of the mask on the sustained response of the target. Williams et al (1990) and
Williams et al (1991) used only a coloured mask on a black background with a neutral
display. Therefore, in this experiment, only the mask will be coloured red, blue or grey,
and presented on a black background.
The second difference between this and Experiments 1 and 2, is an increase in mask size.
In the metacontrast experiments conducted by Williams et al (1990) and Williams et al
(1991), the mask stimuli were not only coloured relative to the target, but they were also
substantially larger than the target. It was discussed in the previous chapter that
increasing mask energy relative to target energy is necessary in order to obtain Type A
functions. However, the literature is divided to some degree regarding the possible effect
of increasing mask size relative to target where a Type B function is obtained. Studies
such as Growney and Weisstein (1972), and Kao and Dember (1973) suggest quite
strongly that Type B masking magnitude increases with mask size. However, the

opposite conclusion has also been found by other researchers such as Schiller and
Greenfield (1969). While Williams et al (1990) and Williams et al (1991) report Type B
metacontrast functions with large masks. These differences would suggest that mask size
may not be equated in a sensible way with mask energy. Furthermore, a coloured mask
that is larger relative to the target would give a larger colour-mediated transient response
than would a smaller mask. Therefore, as it is the effect of the mask on the target that is
of interest in this series of experiments, the mask in this experiment will not only be
coloured red blue or grey, but also increased in size relative to the target, consistent with
Williams et al (1990), and Williams et al (1991).
It is predicted that this experiment will generate nonmonotonic U-shaped functions, with
a blue mask resulting in an increase in masking magnitude and shifl to the right of the
dip. The red mask is predicted to result in a decrease in the magnitude of masking, with a
shifl to the left of the function compared to the grey condition.
As discussed in the conclusion to Experiment 2, a no mask condition will also be used as
a baseline, such that scores may be determined relative to a no - mask condition
(Williams et al 1991).

Method
Subjects

Subjects were recruited by advertising in the local paper, and were

each offered $10 per experiment. Twenty-one subjects participated in the experiment.
The data for two subjects was eliminated; one as a result of a colour vision deficit, and
the other as a result of a technical problem.

Apparatus

The target was the same as that used in Experiments 1 and 1. The

mask however, was expanded to form two, nine by nine dot matrices each subtending 1
degree by 1 degree visual angle. Each dot of the two matrices consisted of a single pixel,
and were each separated by four pixel spaces. As with Experiments 1 and 2, the mask
was separated from the target by 4 mm (0.23 degrees visual angle), and the target was
centred between the two masks.
The experiment was run on a IBM compatible 386 PC, running with a Stealth graphics
card. Displays were presented on a generic brand SVGA colour monitor. The dots for
each mask were all coloured either red, grey or blue of 5.4/3, 5.4, and 5.3 c d W
respectively. As with Experiments 1 and 2, the colours were specified to be
RGB(38,0,0,), (0,0,62) and (24,22,24) for the red, blue and grey colours respectively in
Turbo Pascal Version 2, and luminances were measured according to the procedure
outlined in Experiment 2, with the photometer placed at approximately the same distance
from the screen as the subject. The target was neutral grey and matched in luminance to
the grey mask. All displays were presented on the uniform black background (measured
as 0.01 cdW) that was specified as black by RGB(0, 0, 0) and formed the background
for the full monitor display.
The Michelson Contrast (Lmax-Lmin / Lmax+Lmin) for all displays against the black
background in a dark room, was calculated to be 99.6% for all conditions.
The room was illuminated by only the screen illumination, and outside illumination from
other rooms. The ambient illumination therefore, was <5 cdW.

Procedure

Each subject was first required to respond to the Dvorine Pseudo-

Isochromatic Plates (2nd Ed) as a test of colour vision. Subjects were to respond to each

plate within five seconds, and the criterion for non normality was responding incorrectly
to three or more plates.
Each subject then did three sets of practice trials, the first two being the same as in the
previous experiments. The third practice set was designed to establish an individual
timing rate for the displays in order to achieve optimal responding. In order to establish
this stimulus duration criterion, only the target was presented, and the optimal response
rate was between 80% and 90% correct over 20 trials. If the subject failed to respond
within these limits, the experimenter increased or decreased the duration of the display
accordingly until the subject was responding within the response criterion. The mask was
presented for the same duration obtained for the target.
Each trial then proceeded in the same way as that specified in Experiments 1 and 2, with
an added display of the target with no mask. This was delay condition nine and was used
as a baseline for responding. The experiment was divided into two blocks, each block
consisting of five sets of 54 trials, the subject was given the opportunity to rest their eyes
between the sets, and the chance for a longer break between the blocks. At the beginning
of the second block, the subject was required to respond again to the third set of practice
trials in order to redetermine their stimulus duration criterion. Most subjects improved
over the first block, such that the duration of the displays was generally shorter in the
second block of trials. The mean durations necessary to achieve the response criterion
for the displays was 41.6 msec for thè first block, 27.7 for the second for females, and 80
msec for the first block and 65.6 msec for the second for males. Interestingly, these
differences between males and females for each block were significant, T(15) = 4.96, p <
.05 for block 1, and T(15) = 2.266, p<.05 for block 2, indicating that males needed
significantly longer display times than females in order to respond to criterion. There was

no significant difference between the masking ftinctions between the two blocks. The
target and mask durations are longer than in Experiments 1 and 2, however, U-shaped
metacontrast has been found at a range of target and mask durations, for example 100
msec (Merikle 1977), up to 60 msec (Bernstein, Procter, Belcher & Shurman 1974), and
50 msec (Procter, Nunn & Pallos 1983), while Arand and Dember (1978) varied target
duration, keeping the mask duration constant at 105 msec. Therefore, it not anticipated
that the differences in target duration will affect the nature of the metacontrast function.
Results and Conclusion
As with all previous experiments, the data for each condition relative to baseline (no
mask) was tabulated for each subject^ and then averaged over all subjects. The mean
scores are graphed in Figure 8.6, and are presented in Appendix 1, together with
standard deviation scores and the ANOVA source table.
A two-way ANOVA performed on the data (colour x delay), showed a significant main
effect of delay F(7,126) = 7.39 , P < .001, but no effect of colour F(2,36) = .67, p = NS
and no colour x delay interaction F(14,252) = 1.27, p = NS.

5

T

Red Mask
O — B l u e Mask
— G r e y Mask

-20

10

20

40

70

100

160

Inter-Stimulus Interval (msec)

Figure 8.6

Percent correct relative to baseline as a function of ISI for Experiment 3.

ISI was used in this case because of the variable display durations'^.

A polynomial analysis was conducted for each colour condition over delay. The
quadratic components were significant in all conditions; red mask F = 7.103, p < .05,
blue mask F = 15.836, p < .05, grey mask F = 13.822, p < .05.
The results suggest that the presence of the mask decreased responding in all conditions.
No one colour at any point increased responding above the baseline condition.
Furthermore, unlike the resuhs obtained by Williams et al (1991) the colour of the mask
made no difference to the pattern of responding. There is a suggestion that masking
decreased in the red condition in the predicted direction, although this decrease is not
significant.

+ ISI was used in this case rather than SOA, because of variable display durations. SOA necessarily takes into
account the length of time the target is presented, in this experiment target duration was manipulated in order to
establish a criterion for responding. For this reason, ISI was considered to be the more appropriate measure. As
each delay condition spaned approximately 20 msec, and subjects responded between a range of approximately 10
and 80 msec, an ISI of-20 was arbitrarily chosen to reflect 0 SOA.

The results of this experiment provide clear evidence of Type B metacontrast masking,
therefore maintaining the baseline measure of transient system activity. However, no
clear colour differences were apparent.
It was predicted that a blue mask would increase masking magnitude while a red mask
decreased the extent of masking, based on differential effects of colour on transient
system activity. Although there was a suggestion of the predicted decrease in masking
with the red mask, the results indicate that there is no differential effect of colour on the
masking function, and therefore by association, transient system activity.
The results from Experiments 2 and 3 have failed to clearly demonstrate the predicted
colour effects. The percent correct analysis conducted in Experiment 2 indicated a
significant effect of colour, however a clear pattern of results was not apparent, and the
significant effect was subsequently lost on Experiment 3. Although it may be concluded
from the results in the current experiment that there is little effect of colour on transient
system activity, the significant effect of colour demonstrated in Experiment 2 would
suggest that a further analysis of methodological issues are warranted.
The studies conducted by Williams et al (1990) and Williams et al (1991) were
conducted under photopic viewing conditions with a very dim display, whereas
Experiments 1, 2 and 3, in this series, were conducted in dark conditions with a bright
display. These environmental differences were considered necessary for the following
reasons: Firstly, Williams et al (1990) and Williams et al (1991) used very simple displays
in which the subject was to indicate the orientation of a slash presented in the centre of
the computer screen. Because of the simple nature of the task, it was necessary for the
target luminance to be very low in order for all subjects to respond to criterion. In the
current series of experiments however, the target is more complex, therefore a higher

contrast between the target and background is necessary to make the appropriate target
discriminations. Furthermore, the brightness of the displays in the equipment used, was
limited by the blue palette, which allowed a luminance value of approximately nine
cdW. Therefore, because the original hypotheses were in terms of the wavelength
components of the colours, it was decided to increase display contrast by conducting the
experiment in dark conditions, rather than diluting the colour pallets with inputs from the
other colour guns.
Secondly, the explanation suggested by Williams et al (1990) and William et al (1991) in
terms of the differential effects of colour on transient system activity, has been suggested
as a basis for remedial techniques with reading disabled children. If this is the case, the
results must be replicable over different populations, equipment and environmental
conditions. Therefore, scotopic conditions were used in this series of experiments, rather
than light, photopic conditions, however, as discussed in the following section, this may
be a contributing factor in the differences obtained between these results and those of
William et al (1991).
The results obtained in Experiments 2 and 3, suggest that there is little clear effect of
colour on transient system activity. Experiment 2 demonstrated in one analysis, an effect
of colour, and it was suggested that these differences were in the predicted direction.
However, another analysis using a baseline measure failed to find colour differences, and
resuhed in a shifl to a Type A metacontrast function. Furthermore, Experiment 3,
designed to clarify the results from Experiment 2, similarly failed to find any colour
differences. It is further suggested, that these results may differfi-ompredicted, because
of the environment under which they were conducted. Therefore, Experiment 4 is

designed to investigate this further by manipulating the conditions under which the
experiment is conducted.

8.5 Experiment 4
Aims and Objectives
Experiments 1, 2, and 3 were conducted under dark scotopic conditions, however the
nature of the rods and cones in the visual system, and their different sensitivities to light
and colour, suggest an interaction between viewing conditions and psychophysical
measurements, as discussed below.
Photopic vision refers to light conditions above 10 c d W (Reeves 1986), whereas the
maximum light levels for scotopic vision is debatable (for example, .01 c d W Sekuler
and Blake 1985, or .001 cd/m^ Travis 1991). Certainly, scotopic vision refers to light
levels at least less than 1 c d W , and is more sensitive than photopic vision to light across
the spectrum, except at very long wavelengths. Furthermore, scotopic vision depends on
rod dominated RGCs, while photopic vision depends on cone dominated RGCs, thus
colour vision remains the domain of the photopic system. The abtruse area here, is the
mesopic range of retinal illumination which spans from the lower range of photopic
conditions to the upper levels of the scotopic region. In this level of illumination, both
the rods and cones mediate the visual response, and their relative contributions to colour
vision is difficult to assess. Certainly the effect on colour perception that accompanies
the transition from photopic to scotopic conditions is well known, and referred to as the
Purkinje Shift. The Purkinje shift is characterised by a greater sensitivity to shorter
wavelength light, and the CIE (Commission Internationale de l'Eclairage, a
standardisation body for. the specification of colour space) developed two spectral
luminous efficiency functions to accommodate the spectral changes that are associated
with the Purkinje shift, one for photopic conditions, and one for scotopic conditions.
However there is little clear knowledge regarding colour perception within the mesopic

range, that is, before the Purkinje shift. Research looking at the spectral luminous
efficiency functions, appears to demonstrate for example, peak sensitivities at
approximately 540 nm at the high end of the mesopic range, and 520 at the lower end
(Ikeda & Shimozono 1981; Sagawa & Takeichi 1986). Sagawa and Takeichi (1986)
suggest a number of recordings are necessary throughout the mesopic range for an
adequate function, due to the continual and progressive changes in the function
throughout the range. The interactions between rods and cones at this level are not clear,
indeed Le Grand (1972, p 430) suggested that ''about the mesopic range,...inter actions
between rods and cones are so complicated, and depend on so many parameters that it
would seem hopeless to speak of a [spectral luminosity function] which would be a
function of the mean luminance in the visualfield.'" While some researchers suggest that
rod and cone activity is independent during mesopic conditions (e.g., Saugstad &
Saugstad 1959; Ikeda & Urakubo 1969; Brown, Metz & Yohman 1969), other
researchers have found different results. For example, Stabell and Stabell (1976) found
that rod intrusions to cone inputs shift the chromaticity spectrum such that there is a
change in hue towards blue at the short wavelength region, and towards yellow in the
long and medium regions. Frumkes, Sekuler, Harris, Reiss and Chalupa (1973)
demonstrated that rod activity may suppress cone activity during dark adaptation, or in
other words when both rods and cones are being utilised. While Vienot and Chiron
(1992) have suggested that independence of rods and cones may be criterion dependent,
demonstrating that rods and cones appear to operate independently with heterochromatic
flicker photometry, but operate together for brightness matching tasks. The analysis is
further confounded by the fact that the terms "photopic", "scotopic", and "mesopic"
refer to the state of adaptation of the eye, such that conditions are only "scotopic" (for

example), as long as the physiological system has adapted to the darker conditions. The
sensitivity of the physiological system to colour when it is in a state of flux, or adapting
to one state, is even more uncertain.
Hecht and Shlaer (1936) demonstrated that no differences were found in critical
frequency flicker over wavelength for photopic conditions, compared to clear differences
in scotopic conditions. Similarly, Long and Garvey (1988) investigated the effects of
wavelength on dynamic acuity under photopic and scotopic conditions. They found that
a blue target was consistently more easily resolved than a red target, but only in viewing
conditions where the target is low-photopic, and the background is scotopic. In photopic
conditions (less than 35 cd/m^), there was no clear effect of wavelength. Their argument
was that in scotopic conditions both the cone and rod mediated systems are able to
respond to the low photopic target, but as a result of the fact that the scotopic system is
more sensitive to short wavelength light, colour differences would be displayed as an
advantage for short wavelength light compared to longer wavelengths, which would be
almost invisible to the scotopic system.
In the study by Williams et al (1991), the experiment was conducted under bright
fluorescent lights, however the luminance values of the displays ranged from 1.2 to 3.4
c d W which is in the mesopic range. The coloured masks in Experiment 3 were in the
mesopic range (5.4 c d W on a black background), with the experiment conducted in a
dark room (scotopic conditions). Given the above argument, the physiological
repercussions of the differences in the experimental conditions is unclear, however, in
light of the original aims of this experiment, if colour differentially affects transient
system activity to the extent claimed by Williams et al (1991), and if the results are to be
utilised for use with a large population of reading disabled children, then the results

obtained by Williams et al (1990) and Williams et al (1991) should be replicable over
conditions different from those that they specify.
Therefore, the present experiment is designed to explore the possibility that the
differences between the results obtained by Williams et al (1991), and the current series
of experiments, may be due to differences in both the luminance values of the displays
and the room conditions. If this is thé case, then it is predicted that stronger colour
differences will be obtained when high luminance displays are presented in a bright room,
such that all signals are dominated by cone inputs, compared to when dim displays are
presented under darker conditions, or signals are dominated by rod inputs.

Method
Subjects

Thirty eight students from 1 st year and 3rd year undergraduate

psychology courses from Wollongong university participated in this experiment. The first
year students received percentage points toward their end of session mark for
participation. The third year students participated as part of course requirement. Twentyone subjects participated in the dark condition and seventeen subjects participated in the
light condition. The results for two subjects in the light condition were removed due to
ceiling effects.

Apparatus

The target and mask displays were the same as those used in

Experiments 1 and 2, except that the mask appeared as either red, blue, or grey.
There were two different experimental conditions; the dark condition, and the light
condition. The two conditions differed in terms of their display luminances and general
room luminance. The terms "dark" and "light" in this context refer to the different

experimental conditions. Whereas "photopic", "scotopic, and "mesopic" refer to the
appropriate physical light levels.
For the dark condition, the luminances of the masks were red - 14.5 c d W , blue - 14.2
c d W , and grey -14.6 c d W , with RGB values specified as (42,0,0), (0,0,63), and
(25,23,25), respectively. The room illumination was provided by a small tungsten globe
in the corner of the room.
For the light condition, the display luminances were red - 38 cd/m^, blue - 37.5 c d W ,
and grey 38.5 c d W , with RGB values (63,21,0), (0,37,63), and (38,36,38) respectively.
The room was illuminated by an overhead fluorescent light, covered with a single layer
of black fabric to reduce the glare. Using Michelson contrast, the contrast between the
displays and the screen background, measured under the respective viewing conditions,
were 99.8% for the dark condition, and 94.8% for the light condition.
All displays were generated by an IBM compatible PC, with a Trident graphics card. The
computer monitor was the same as that used in Experiment 3.
The conditions were such that in the dark condition, the subject saw a reasonably bright
display in a dim room, and in the light condition, the subject saw a very bright display in
a brightly lit room. In both conditions, the background screen specification was the same,
at RGB(0,0,0). The ambient room luminances were measured at 1 c d W for the light
condition, and 0.01 c d W for the dark condition. These values were taken from
photometer recordings of a black computer screen under each of the light conditions.
The ISI values used were; simultaneous target and mask, 0, 10, 20, 40, 70, 100, 150, and
a no-mask condition.
The target and mask displays were the same as those used in Experiment 1, as was the
use of a zero SOA in the third set of practice trials. This was done because subjects

appeared to have greater difficulty doing the task when a large mask was used. As both
Experiments gave clear metacontrast functions, this decision was not expected to
adversely affect the resuhs.
Procedure

In both experimental conditions, subjects were familiarised with

the displays through three sets of practice trials. The first five trials consisted only of the
target display, the following ten trials consisted of both the target and mask display as
presented in the actual experimental trials. This was then followed by 20 trials consisting
of the target and mask display presented simultaneously as with Experiment 1 (Hogben
& Di Lollo 1984). Subjects were required to obtain between 70% and 80% correct in
this set of practice trials in order to proceed to the actual experimental trials. This was
obtained by increasing or decreasing the duration of the target and mask at the end of
each set of twenty trials between a range of 10 and 30 msec. The Trident graphics card
allowed a 10 msec refresh rate, giving three possible display durations of 10, 20, and 30
msec. Each trial then proceeded as with Experiment 3.
Results
In all analyses, the data was treated as with Experiments 1 to 3, such that mean scores
relative to baseline (no mask) were calculated for each condition with each subject.

The Combined Results
The first analysis conducted wiis a combined analysis over all conditions. A single graph
of all results proved too cumbersome, so the results for each colour at each experimental
condition are shown separately in Figures 8.7 to 8.9.

The results indicate a significant effect of delay F(7,238) = 39.25, p < .001. The
quadratic components, which reveal significant U-shaped functions in the different
colour conditions, will be discussed below. This combined analysis however, reveals no
main effect of colour F(2,68) = 2.52, p = NS, and no colour by condition interaction
F(2,68) = .93, p = NS. Although the analysis indicates no main effect of condition
F(l,34) = .42, p = NS, there is a significant interaction between condition and delay
F(7,238) = 2.75, p < .05. This significant interaction reflects the consistently stronger
masking functions in the light condition, compared to the dark condition, for all masking
colours. The final three-way interaction was not significant.
These combined results suggest that U-shaped metacontrast functions were again
obtained, however the predicted colour differences were not found, and the only
differences between the two experimental conditions were in terms of the degree of
masking over all colours.
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Relative accuracy using the red masks, in the dark and light conditions
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Figure 8.9

Relative accuracy using the grey masks in the dark and light conditions.

Separate Analyses
The light and dark conditions were also analysed separately, to tease out any colour
differences that may become obscured in a combined analysis. As already demonstrated

by the combined analysis, the light condition demonstrated no effect of colour F(2,28) =
.56, NS, a significant effect of delay F(7, 98) = 21.77, p<.001, and no colour by delay
interaction F(14,196) = 1.49, NS. Figure 8.10 illustrates the mean difference scores,
relative to the baseline for each colour condition.
A significant U-shaped metacontrast function is indicated by the polynomial analysis,
which demonstrates significant quadratic functions for all colour conditions over delay;
red F = 45.294, p < .001, blue F = 39.745, p < .001, and grey F = 35.454, p < .001.
In the dark condition however, despite the nonsignificant effect of colour in the
combined analysis, there appears to be less marking in the red mask condition compared
to the blue or grey mask condition, and indeed this difference is significant F(2,40) =
3.51, p < .05. A significant effect of delay is also demonstrated (7, 140) = 16.61, p<.001,
but there is no colour-by-delay interaction F( 14,280) = .94, NS. Relative accuracy by
delay for the dark condition is illustrated in Figure 8.11.
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Fi2ure 8.10 Percent correct relative to baseline as a function oflSI for Experiment
4, in the light condition.
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Figure 8.11 Percent correct relative to baseline as a function of ISI for Experiment
4, in the dark condition.

As with the light condition, the polynomial analyses reveal significant quadratic trends
for all conditions; red F = 25.745, p < .001, blue F = 36.334, p < .001, and grey F =
52.131, p < . 0 0 1 .

Conclusion
The results for both the dark and light conditions suggest that there is no clear difference
between the locations of the dips for the three colour conditions. Although the combined
analysis indicates that there is no main effect of colour, and no significant colour by
condition interaction, the separate analyses indicate that there is a significant effect of
colour in the dark condition, which is absent from the light condition. The results for the
light condition suggest that less masking overall is apparent with the red mask, compared
to the blue and grey mask. This is consistent with the original hypothesis, which

suggested that long wavelength light suppresses transient activity, thus resuUing in less
masking.
Edwards et al (1996) used a paradigm similar to the current experiment. They presented
subjects with the same metacontrast task as that used in this experiment, however, the
displays were presented on a white or red background field of 3.0 c d W . While the
displays themselves were at a very high luminance, 294 cd/m^, and the experiment was
conducted under dark environmental conditions. As with the dark condition in this
experiment, they obtained a decrease in the extent of masking in the red condition,
compared to the white condition. Furthermore, they similarly failed to demonstrate the
shift in the location of the dip with a red background, found by Williams et al (1991).
The results from the current experiment, together with those from Edwards et al (1996),
suggest that metacontrast differences on the basis of colour may be obtained most clearly
with bright displays on a dark background, in darkened room illumination. However,
unlike that predicted by Williams et al (1991), these differences appear only to be
reflected in terms of a decrease in masking with red conditions, rather than a shift in the
point of maximum masking.

8.6

Summary of Metacontrast Results

It was predicted, on the basis of the results found by Williams et al (1991), that coloured
displays would differentially affect the nature of the metacontrast ftinction, such that red
conditions would result in a decrease in the extent of masking, and shift the masking
fimction to the left, and blue would increase the extent of masking, and shift the fimction
to the right.

The studies in the current series of experiments were initially designed to replicate and
extend the results obtained by Williams et al (1991) to a larger, naive population,
investigating the different environmental conditions that contribute to such a result. It
was also originally suspected that differential effects of colour and wavelength
contributed to the different metacontrast patterns found with colour.
Three different metacontrast studies manipulating colour have been conducted in the
current series of metacontrast experiments, in which the colour of the background or the
masks of the displays have been manipulated. All studies have demonstrated a decrease
in masking with red conditions, however only in Experiment 4, using a bright red mask in
dark conditions, was this effect clearly significant. None of the experiments have
demonstrated a significant effect of blue on the metacontrast function, and none of the
experiments have demonstrated a consistent and reliable shift in the point of maximum
masking with the different colours over the different experiments. Furthermore, it is
important to note, that significant quadratic polynomials have been demonstrated in all
metacontrast experiments that have been argued to reflect a Type B function. Therefore,
in all Type B metacontrast results, the baseline measure has been maintained, it has
simply been the manipulations of the functions by colour that have proved inconclusive.
The results found with the red mask, therefore support the results found in other
psychophysical studies (e.g., Edwards et al 1996; Williams et al 1991), as well as
psychophysical evidence (e.g., Wiesel & Hubel 1966; Derrington et al 1984), suggesting,
that there is an effect of red on transient system activity, such that red light inhibits
transient system responses. However, there is no evidence that red light also slows down
transient system transmission. Similarly, the results do not support the suggestion that
blue light increases transient system activity or transmission speed.

This question regarding transmission speed will be further addressed in the following
chapter, in more direct measures of processing speed such as visual reaction time, and
visual temporal order judgement. Similarly, although the metacontrast studies conducted
here are modifications of a number of similar studies, it is nevertheless possible that the
lack of strong colour effects generally found in most of these experiments are unique to
metacontrast. Accordingly, the next series of experiments are designed to further
investigate the effects of colour, on both transient system activity and transmission time,
in measures of apparent motion and temporal judgements.

CHAPTER 9
CHROMATIC EFFECTS ON OTHER MEASURES OF
TRANSIENT SYSTEM ACTIVITY

9.1

General Background and Review of Experiments in this Chapter

The results from the metacontrast experiments, presented in Chapter 8, suggest that
there may be an effect of red light on transient system functioning in the predicted
direction, however this effect only clearly reached significance in Experiment 4.
Williams et al (1991) demonstrated a shift in the metacontrast function to shorter SOAs
with a red mask, and a shift to longer delays with a blue mask. These horizontal
movements in the point of maximum masking were argued to reflect a decrease in the
transmission speed of transient cells under red conditions, and an increase under blue
conditions. No such consistent shifts in the metacontrast functions were demonstrated in
the metacontrast experiments presented in Chapter 8. However, while metacontrast is
argued to reflect interactions between transient and sustained system activity, it is
possible that the metacontrast paradigm used is not sensitive enough to express changes
in the transmission speed of transient cells. This next series of experiments is designed to
explore this issue further, by utilising measures of visual reaction time and temporal
order, which are considered to be more sensitive measures of transmission speed in
transient cells (refer Chapter 2).
Greer and Williams (1995) investigated visual reaction time (RT) and visual temporal
order judgement (TO J) in different colour conditions, with both normal and reading
disabled children. Greer and Williams found that both reaction times and visual TOJs
decreased when using blue stimuli for SRDs and controls, while red stimuli increased RT
and TOJ measures.

Experiment 5 will employ a visual reaction time experiment, as reported by Greer and
Williams (1995), in which subjects are to respond as quickly as possible to a coloured
square presented on the computer screen. Experiment 6 will consist of a visual TOJ
experiment, again adapted from Greer and Williams (1995). Subjects in this task will be
required to indicate which letter from a 2-choice display appears first to the left or right
of the fixation point. It is predicted that results of these measures will demonstrate an
increase in reaction time with a red target, and a decrease in reaction time with a blue
target, reflecting the respective changes in the speed of transient system transmission.
Furthermore, the results from the previous series of metacontrast experiments suggest
that red is the only colour condition to result in a clear change in transient system
activity, as demonstrated by metacontrast. It is however possible, that the current
metacontrast measure is not sensitive enough to demonstrate the temporal shifts
discussed earlier, or the increase in activity predicted by Williams et al (1990) and
Williams et al (1991). Ternus apparent motion (refer Chapter 2), which is another
measure of transient and sustained system processing (Slaghuis, Twell & Kingstone
submitted), will be used to demonstrate the effects of colour on transient system activity.
An increase and decrease in the perception of group motion, with blue and red displays
respectively, is consistent with differential effects of colour on transient system
functioning, such that blue light increases transient system functioning and red light
attenuates it.
Finally, the results demonstrated by Williams et al (1991) have not clearly been
reproduced in the current series of experiments. Therefore, the next séries of colour
experiments are designed to fiirther assess the generality of the results demonstrated by

Williams et al (1991), over diiFerent measures of transient system activity, and larger
naive populations.
9.2

Background to Visual Latency Studies

Visual reaction time has been taken as a general measure of processing speed in sensory
channels. Breitmeyer (1975) demonstrated that reaction time measures were spatial
frequency dependent by showing a monotonic increase in reaction time with an increase
in spatial frequency. Breitmeyer argued that this RT increase over spatial frequency
reflects differences in processing speed between sustained and transient channels. The
low-spatial-frequency-sensitive transient channel has a faster conduction speed than the
sustained channel (e.g., Cleland et al 1971, Cleland et al 1973), which in turn is sensitive
to higher spatial frequencies. It is suggested therefore, that any temporal differences in
transient system responding as a result of colour, will be manifested in differences in
responding to a visually presented coloured stimulus.
There has been some discrepancy in the literature regarding wavelength dependent visual
reaction time scores. For example, researchers such as Ueno, Pokorny and Smith (1985),
Nissen and Pokorny (1977), and Bowen (1981) have demonstrated highly significant
reaction time measures varying with wavelength. Other researchers (e.g., Mollon &
Krauskopf 1973, and Breitmeyer & Breier 1994 [although a trend was suggested]),
however, have demonstrated no significant effect of colour on reaction time or, temporal
order judgements (Weingarten 1972). Nissen and Pokorny (1977) suggest that this
discrepancy may be explained by the different techniques employed in the different
experiments. For example, hue substitution tasks tend to demonstrate wavelength
differences, while experiments based on luminance increments do not. This would imply

that equating luminance values between the colours is important for investigating
differences in transient system processing, based on chromatic changes.
Greer and Williams (1995) used visual reaction time and temporal order judgement as
measures of visual processing speed, and found that for both measures, response speed
was dependent on the colour of the stimuli. They explain these results in terms of an
increase in the speed of transient activity with blue light, and an attenuation of the speed
of transient activity with red light. Experiment 5 employs a visual reaction time technique
consistent with that used by Greer and Williams (1995). It is predicted that the blue
display will produce faster reaction times than the red display.

9.3

Experiment 5

Method
Subjects

Thirty four subjects from 1st year and 2nd year undergraduate

Psychology courses from Wollongong University, participated in this experiment. The
2nd Year students participated as part of course requirement, while the 1st Year students
received .5 of a percentage point toward their end of semester grade. Each experimental
session took approximately 30 minutes to complete.

Apparatus.

The target consisted of a small square measuring .8 cm by .8 cm,

presented in the centre of the computer screen, subtending a visual angle of 1.6 degrees.
The target square was coloured either red, blue, green, yellow, grey, or white and
presented on a black background of 0.01 cdW. Each colour was measured by
photometer (as with Experiments 2, 3 & 4) to be 20 c d W , except the white target,
which was 33.7 c d W (Greer & Williams 1995). The Michelson contrast was measured
at 100% for all colour conditions. All luminance values were measured as presented in
Chapter 8. The displays were presented on a 486 DX2-66 computer with a Barco colour
monitor, using a viewing distance of 28 cm.
The programs were written in Turbo Pascal Version 7, and the RGB values for each
colour, were specified as; red(46,0,0), blue(0,0,63), grey(20,20,20), green(0,25,0),
yellow(22,21,0), and white(28,28,28).

Procedure

Each subject began each experimental session with ten practice

trials. At the beginnirtg of each experimental trial, the subject was presented with a
fixation spot in the centre of the computer screen, which was followed by a variable

delay period of 100, 500, or 1000 msec. The target was then presented for 50 msec. The
offset of the target initiated a software-controlled msec timer that terminated with the
press of any key on the keyboard. The subject was unable to record a response before
100 msec after the offset of the target, thus eliminating anticipatory responses. The
subject was directed to press the space bar on the keyboard as quickly as possible with
their dominant hand when they saw the target. There were 48 presentations for each
colour, and colour was blocked with two blocks per colour. The order of the twelve
blocks was randomised for each subject. Viewing conditions were photopic, such that
the room was lit by bright overhead fluorescent lights (Williams et al 1991).
The displays and procedure for this experiment are consistent with that reported by
Greer and Williams (1995).

Results and Conclusion
It was predicted that the blue display would result in faster RTs, while red displays
would generate slower RTs. It is clear from Figure 9.1 that this is not the case. The
median scores for each colour (Greer & Williams 1995) indicate that there is no
significant difference between the colours in terms of their RT scores F(5,165) = 1.64, p
= NS. The pattern of results is as predicted, such that the red display generated a slower
RT (197 msec) than the grey condition (195 msec) while the blue display resuhed in
slightly faster RT data (192 msec). These differences are however only marginal (in the
order of 2-3 msec), and clearly not significant. The mean scores and ANOVA source
table are presented in Appendix 2. Implications of these results, in terms of response
criteria and visual display conditions, will be discussed in section 9.2.3.
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Figure 9.1
Median Reaction Time scores in msec for each target colour in
Experiment 5.

9.4

Experiment 6

Aims and Objectives
As with reaction time measures, visual temporal order judgement is another measure of
the speed of visual processing, and thereby subject to the same predictions.
May, Williams and Dunlap (1988) presented normal and poor readers with the word
"Box" or "Fox", displayed either vertically or horizontally from a fixation point. Subjects
were to indicate either which word was presented first, or which position appeared first.
The threshold for each subject was measured in terms of the SOA at which 75%
accuracy was achieved. The results indicated that poor readers required longer
thresholds to make accurate word and position decisions than did normal readers. In a
similar study using red, blue, white, or grey displays, Greer and Williams (1995) used the
letters "A" and "B" as stimuli, and presented SRDs and normal readers with one of the
display letters followed by the other letter after a variable delay period. The subject was
to indicate which letter appeared first. As found by May et al (1988), the results
indicated that SRDs required a highei" SOA in order to achieve 75% accuracy, than
normal readers. Furthermore, for both dyslexic and normal readers, the red stimulus
condition required longer SOAs, compared to a white comparison, while the blue
stimulus condition required shorter SOAs. These results were argued to reflect a
transient system deficit in SRDs, compared to controls, and to be consistent with an
increase in transient system ftinctioning with blue light, and an attenuation of transient
system activity with red light. Therefore, a decrease in transient functioning with red
displays should resuh in an increase in temporal processing. Conversely, if blue displays
increase transient functioning, this should be reflected in a decrease in temporal
processing.

Method
Subjects

Sixteen subjects from the First Year Psychology course at

Wollongong University participated in this experiment. Subjects received .5 of a
percentage point toward their final assessment grade for participation.
Apparatus

The target corisisted of an "A" or "B, .5 cm high by approximately

.5 cm wide, presented 2 degrees from a fixation point, and subtending a visual angle of
1.2 degrees. The displays were presented on a 486 DX2-66 computer with a Barco
colour monitor. Both targets were 22 cdW; red, blue, green, grey, or yellow, presented
on a black background, as with Experiment 5. Michelson contrast for
display/background, was calculated at 100 %, for all colour conditions. Isoluminance
was determined according the procedure specified in previous experiments. Viewing
distance was 24 cm. The experiment was conducted under photopic light conditions,
such as with Experiment 5.
Procedure

On each trial, the subject fixated on a small cross presented in the

centre of the screen. After a delay of two seconds, one of the two displays was presented
randomly to the left or the right of the fixation point. This first display was initially
presented for 17 msec, but then continued to remain on for a variable ISI period of 0,
16, 32, 48, 64, or 80 msec. In other words, the SOA 's from the onset of the first display
were 17, 33, 49, 65, 81, 97 msec. After this delay, the second display came on for 17
msec, the first display continued to remain on for this time, and offset of both displays
was simultaneous. A description of the onset of the display sequences is presented in
Figure 10.2. While the ISI intervals did not conform directly with the screen refresh rate

of 17 msec, they are consistent with Greer and Williams (1995) who demonstrated clear
TOJ effects over colour using similar equipment. As one aim of this experiment is to
replicate the results obtained by Greer and Williams (1995), it was decided to continue
with the above delay conditions. Furthermore, as there were 32 observations per cell,
any slight deviations in timing were not expected to greatly affect the results.
Subjects participated in 10 blocks of 96 trials. Delay was randomised within each block,
and colour between blocks.
The experimental design differed from Greer and Williams (1995), in that the displays
were presented two degrees from the fixation point, whereas Greer and Williams
presented both displays at the fixation point, using children as subjects. Pilot studies
indicated that adult subjects responded at ceiling levels with foveal presentation.
Presenting displays to either side of fixation is a common TOJ method (refer Farmer,
Bryson & Klein [submitted] for reviews), and was not expected to affect the results.
Stroboscopic motion was not apparent at any of the delay conditions.

17 msec
Display 1

Variable Delay

17 msec

A X B

Display 2

Figure 9.2
Onset of the display sequences for Experiment 6. The first display, "A "
or B is presented for 17 msec, after a variable delay the second display, again A " or
"B ", appears for 17 msec. Offset of both displays is simidtaneous.

Results and Conclusions
Mean percent correct for each colour at each delay condition was calculated for each
subject, then the delay at which each subject achieved 75% accuracy was calculated.
Each colour is graphed by delay in Figure 9.3. A one-way ANOVA with 5 factors (red,
blue, grey, green and yellow) was then calculated on the resulting scores. The results
revealed no significant effect of colour, F(4,60) = .27, p = NS. Refer to Appendix 2 for
ANOVA source tables, and table of means.
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Figure 9.3 Display colour graphed against the ISI at which each subject achieved
75% accuracy for Experiment 6.
There is clearly no significant effect of colour on visual TOJ scores. The yellow displays
show the highest deviation, with mean delay of 26.875 msec, compared to blue and red
with 27.5 msec and 27.25 msec respectively. This experiment fails to replicate the results
obtained by Greer and Williams (1995). It is however, consistent with the results
obtained in most of the metacontrast experiments presented in this thesis.

9.5

General Conclusions From Visual Latency Measures

Both measures of visual latency, reaction time and temporal order judgement, failed to
demonstrate the predicted effects of colour. This result conflicts with the results obtained
by Greer and Williams (1995). They are, however, in complete agreement with other
researchers using similar techniques, such as Mollon and Krauskopf (1973), Nissen and
Pokorny (1977), and Breitmeyer and Breier (1993). Nissen and Pokorny suggested that
the discrepancy found in the reaction time literature in regards to wavelength, may be

due to different response criteria. Nissen and Pokorny found no effect of wavelength on
RT when a luminance increment task was employed, but a highly significant effect when
using a hue substitution task. They suggest that when coloured displays are presented on
a darker visual field (luminance increment), the subject is able to respond to the sudden
increase in luminance associated with the onset of the display; a response mediated by
the faster achromatic channel. However, in a task where the subject is required to attend
to the colour of the display, such as in a hue substitution task, responses are mediated by
the chromatic channel, and are conse^juently highly dependent upon wavelength. Ueno,
Pokorny and Smith (1985) found similar results to Nissen and Pokorny. They found that
the effect of wavelength on RT decreases with an increase in contrast. In other words,
the higher the luminance difference between the target and background, the less
dependent RT was on wavelength. The contrast levels used in the current experiment
were 100%. Although Greer and Williams fail to report their contrast levels, the targets
were isoluminant at 23 cd W , and it is assumed that the displays were presented on a
black background, thereby suggesting contrast levels of the same magnitude in their
experiment. Harwerth and Levi (1978) further point out that transient channels are more
sensitive than sustained channels, for high contrast stimuli between 1.0 and 8.0 c/degree.
Therefore, based on the parameters used in the current experiment (high contrast target
of 1.6 degrees visual angle), it could be suggested that target demands were drawing on
transient cell resources.
Furthermore, in the current RT experiment, all stimuli were presented on a black
background. It was therefore possible for the subject to respond to the luminance
increment associated with the onset of the stimulus, thereby effectively ignoring the
colour component of the stimulus.

Schwartz (1992), in investigating latency differences between the achromatic and
chromatic systems, obtained reaction time distributions for luminance and chromatic
stimuli. The overall results suggested that the neural substrate of the achromatic system
responds in a more transient fashion, than that of the chromatic system. Furthermore, the
nature of the RT distributions suggests that those for the achromatic stimuli were
bimodal, reflecting a strong response to stimulus onset and offset. Conversely, the
distributions for the chromatic display are unimodal. Schwartz and Loop (1982) and
Ueno (1992) arrive at similar conclusions, regarding the sustained and transient natures
of the chromatic and achromatic distributions. The nature of the functions suggests that
the use of chromatic and luminance stimuli may reflect sustained and transient processing
respectively. In using purely chromatic stimuli as the response measure, it may be the
case that the latency measures are relying heavily on sustained system responses, thereby
finding distinctions between colour processing within the sustained system, rather than
reflecting differences in transient system activity to wavelength.
It is unclear, in Greer and Williams (1995), exactly which component of the stimuli
subjects were responding to. A possible explanation for these effects may lie in the
similarities between the response time as a function of wavelength, and saturation as a
function of wavelength. Nissen and llokorny (1977), using a hue substitution task,
demonstrated wavelength dependent RTs, with an increase in RT scores around 580 nm.
Nissen and Pokorny point out the similarity between their function, and the function
obtained when saturation is varied with wavelength. Wavelengths around 570 nm appear
less saturated than shorter and longer wavelengths, and furthermore, longer wavelengths
appear less saturated than shorter wavelengths (Graham 1965). If Williams and
colleagues co-varied saturation with hue in their RT and TOJ experiments in a way that

added to the already higher saturation levels of shorter wavelengths, compared to longer
wavelengths, it would be possible to obtain latency differences that would be due to
saturation rather than hue. Saturation of a hue on a computer screen is determined by the
relative contributions of the coloured guns, compared to the hue in question. For
example, a highly saturated blue display might have the RGB components of (0, 0, 60); a
moderately saturated blue might have RGB components of (20, 20, 60); while a
desaturated blue might have components of (45, 45, 60). The red and blue displays used
in the present experiment used highly saturated user-defined RGB components of (46, 0,
0) for the red display and (0, 0, 63) for the blue display. Williams, however, used default
palette to specify the colours (Williams 1995 pers com), such that a given colour is
dependent on the RGB values specified by the programming language. Therefore, it is
not inconceivable that the RGB values generated for the default palette may have covaried saturation in a direction contributing to the natural saturation difference between
red and blue, thereby resulting in a reaction time preference for blue light. Testing this
intriguing suggestion became beyond the scope of this thesis, however, fiarther relevant
research will be discussed in Chapter 11.
9.6 Apparent Motion Study
Another measure of both transient and sustained activity is apparent motion (refer
Chapter 2 for a review). Indeed, it has been suggested (e.g., Kahneman 1968) that
metacontrast functions and the perception of apparent motion share some common
functional visual mechanisms. Breitmeyer and Williams (1990), in a comparison between
metacontrast and apparent motion, presented subjects with two black squares separated
in time by a varying SOA. The subject's task was to indicate the degree of motion

perceived. The displays were presented on isoluminant white, green, or red backgrounds,
and the researchers found that the function relating the perception of motion to SOA
decreased with the red background, compared to the green or white backgrounds. They
explained their resuhs in terms of the suppression of the transient response by the red
background, resuhing in a decrease in the perception of motion.
Slaghuis, Twell and Kingstone (submitted) presented normal readers and SRDs with a
Ternus apparent motion task. They found a decrease in the perception of group
movement over element movement for SRDs, compared to controls, which they similarly
interpreted to reflect a decrease in transient system activity for the SRDs. Using the same
Ternus apparent motion task on isoluminant coloured backgrounds, it is predicted that
the perception of group movement will increase for the blue background, and decrease
for the red background, reflecting increases and decreases in transient system activity
respectively.

9,7

Experiment 7

Method
Subjects

Ten subjects from the general and academic psychology staff, and

the 1st year Introductory Psychology course at the University of Wollongong
participated. The 1st year students received .5 percentage points toward their final
assessment grade for one 30 minute session.

Apparatus

The experiments were conducted on the same equipment as used

in the reaction time and TOJ study. The stimuli consisted of three horizontally adjacent
black squares (RGB(0,0,0), <.01 cdW), each subtending a visual angle of .57 degrees.
Each square was separated from the adjacent square by 3 degrees visual angle, and the
entire display sequence appeared 1.4 degrees visual angle above or below a fixation
square presented in the centre of the screen. The displays were presented on an
isoluminant red, blue, green, yellow or grey background, measured as specified in
previous experiments. The background luminances for all colour conditions were set at
20 c d W and the Michelson contrast was calculated at 100%. These luminance values
are consistent with the majority of the experiments in this paper, as well as with Slaghuis,
Twell and Kingstone.
The displays were written in Turbo Pascal Version 7, and the RGB values for each
colour were specified as red(46,0,0), blue(0,0,62), grey(19,19,19), green(0,24,0), and
yellow(21,21,0). The experiment was conducted on the same computer, monitor, and
ambient conditions as used in the previous experiment.

Procedure

A display sequence was constructed in the following way: The

first frame consisted of the three squares A, B, and C, presented, either above or below
the fixation point, for 54 msec. This was followed by an ISI period of 0, 17, 34, 51, 68,
85, or 102 msec. The second frame consisted of three display squares B, C, and D,
positioned such that the squares B and C spatially overlapped those in the first frame,
and square D replaced square A (refer Figure 9.4). It is predicted that the amount of
group movement increases with increasing ISI. The display oscillated between frames
one and two until the subject had made a decision. With each experimental trial, the
subject was instructed to continue to look at the display until they had determined if they
saw group or element movement. Upon making a decision, they were required to press
the appropriate response key twice. The first keypress stopped the display motion, while
the second keypress recorded the subjects response. The subject was required to press
the number "1" key on the right-hand numeric keypad if they saw group movement, and
number "2" if they saw element movement. Each subject was told that there were no
correct or incorrect answers, but that a response is dependent upon individual perception
of the event.
At the beginning of each experimental session, the subject was presented with 20
practice trials, which consisted only of the longest and shortest ISI conditions. This was
to facilitate the perceptions of either clear group or element movement, respectively. ISI
values were randomised within blocks, and colour was randomised between blocks, two
blocks for each colour were presented.

A

B
Frame 1

Time
B

D

54 msec

^ variable delay
Frame 2

54 msec

Until key is pressed

Element Movement

Figure 9.4

Group Movement

Display sequence in the apparent motion display. Refer to the text for

explanation.

Results and Conclusion
The number of group movement responses (out of 20) was recorded for each subject. A
graph of frequency of group motion by delay is presented in Figure 9.5, and the mean
scores and ANOVA source table are presented in Appendix 2. The mean of these scores
over all subjects was entered into a 5 by 7 ANOVA; 5 colours and 7 delay conditions.
The resuhs indicated a significant effect of delay F(6,54) = 65.66, p < .001, but no
significant effect of colour F(4,36) = .73, p = NS, and no colour by delay interaction
F(24,216) = .98, p = NS. Refer to Appendix 2 for ANOVA summary tables, and table of
means.
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Figure 9.5 Frequency ofgroup movement at different coloured backgrounds, by
delay for Experiment 7.
It was predicted that the frequency of the perception of group movement would increase
with the blue background, and decrease with the red background. It is clear however,
that there is no difference between the colours. This result conflicts with the theory that
transient system activity is attenuated by difiuse red light and increased by blue light.
However, the results are completely consistent with the results obtained in the
metacontrast experiments, as well as the RT and TOJ experiments.

9.8

General Conclusions

The metacontrast results obtained in Experiments 1 to 4 revealed little effect of colour.
In most experiments, there was a suggestion of the predicted decrease in the
metacontrast function with red light, but in only one of these experiments was this effect
clearly significant. In order to determine the generality of the metacontrast results to
other measures of transient system functioning, coloured displays or backgrounds were

used in measures of visual reaction time, visual temporal order judgement, and apparent
motion. In none of these studies was the effect of colour significant. Furthermore, it has
been suggested that a possible confound in the studies conducted by Williams and Greer
may have been the saturation of the stimuli - a factor very difficult to control, even when
the colours are taken from a user-defined palette. The saturation, hue, and energy levels
vary between computers, and even between the locations of a single computer (Travis
1991), thereby making it very difficult to replicate computer-based colour experiments.
Like the metacontrast studies, the apparent motion study in this paper clearly
demonstrated the predicted monotonie function with increases in delay, associated with a
transition from sustained to transient activity. The manipulation of colour however, failed
to reach significance. It is clear then, that the failure to obtain colour effects in the
metacontrast studies are not unique to metacontrast, but may be generalised to other
measures of transient activity. These results provide support for original psychophysical
research (e.g., De Valois 1966; Wiesel & Hubel 1966), demonstrating that
transient/magnocellular cells are insensitive to all colours except difftise red light, and
thereby questions the wisdom of pursuing research into the remedial implications of
colour for SRDs, where the basis of such reports remains a mystery.
These results and conclusions however, fail to explain the persistent and robust effects of
colour demonstrated over a number of studies by Williams and her colleagues.
The primary difference between the metacontrast paradigms used in the current series of
experiments, and metacontrast studies conducted by Williams, is that the current displays
must be presented at higher luminance (and therefore contrast, given the displays were
white on a black background) levels than those of Williams'. It may therefore, be the

case that contrast is the important factor in the Williams experiments, in regards to their
findings under blue conditions.
Williams, Brannan and Lartigue (1987) conducted a visual search task with SRDs and
found that visual search time increased significantly when the search arrays were blurred.
They concluded that a reduction in the spatial frequency content of the arrays was the
important factor in re-establishing temporal precedence of the transient system in SRDs.
Subsequent research however, has indicated that the important factor in this experiment
was not spatial frequency reduction, but the associated reduction in contrast (Williams,
May, Soloman & Zhou 1995). A similar relationship between blue stimuli and "blur"
(spatial frequency reduction) was obtained by Williams, LeCluyse and Rock-Faucheux
(1992). It is possible, therefore, that the effects of blue found in the studies conducted by
Williams may reflect contrast variations rather than any inherent component of blue light.
Experiment 8 is therefore designed to explore the effects of contrast on metacontrast

CHAPTER 10
THE EFFECT OF CONTRAST ON TRANSIENT SYSTEM
ACTIVITY
An important difference between the metacontrast studies conducted by Williams and
colleagues and the current metacontrast studies, is the contrast values of the stimuli. The
reported luminance values in, for example, Williams et al (1991), were between 1.2 and
3.4 cdW. Similarly, the luminance values used by Breitmeyer et al (1991) were 7.5
cdW. Both of these studies used values in the mesopic range. Alternatively, most of the
displays used in the current series of experiments, are in the photopic range, usually
between 12 and 50 cdW, depending on the experiment and the subject. For the
metacontrast studies in this thesis, display luminance may be equated with display
contrast, as all components of all displays were presented on a non-varying black
(<.01cd/m2) background. The reasoil for the differences in luminance values between the
displays the current experiments, and for example Williams et al (1991) lies in the task
itself The studies conducted by WilHams et al (1989), Williams et al (1990), and
Williams et al (1991), were simple 2-way forced choice experiments, in which the subject
was required to indicate the orientation of a small slash presented in the centre of a
computer screen. In comparison, in the current series of metacontrast experiments,
subjects were required to indicate from a choice of nine possibilities, the location of a
missing dot. The implications of these differences will be discussed in the following
sections, suffice to say, task difficulty of the latter experiment is somewhat higher than
that of the former. Informal pilot studies conducted by the author determined that for a
slash presented in the centre of the screen of the dimensions specified by Williams and
colleagues, luminance of the display was to be below approximately 2 c d W (this value

varied from observer to observer, but was never higher than 3.5 cdW), for the observer
to avoid responding at ceiling levels. Alternatively, for the current metacontrast display,
even the author, who was extremely familiar with the displays, found it impossible to
make accurate judgements at this luminance level. As a result, the luminance values of
the displays are higher for the current series of experiments (and therefore, as explained
above, is the display/background contrast) in order for the subjects to achieve an
appropriate baseline level. It would seem reasonable to suggest, therefore, that the
differences in the metacontrast functions, obtained by, for example Williams et al (1990),
and Breitmeyer et al (1991), compared to those obtained in the current experiments, may
be more influenced by contrast factors than colour.
10.1 Transient Cell Responses to Contrast Measurements
When studying the effect of contrast on transient and sustained system activity, many
researchers summarise the effects by suggesting that the transient system is sensitive to
low contrast stimuli, while the sustained system is most sensitive to high contrast stimuli
(e.g., Schiller & Malpeli 1978; Kaplan & Shapley 1982; Schiller & Colby 1983). The
reality however, appears to be somewhat more complex than this. Indeed, neither system
appears to respond in a simple way to contrast manipulations.
10.1.1 Contrast Gain Measures
Contrast gain is defined as "..the change in the response of the neuron per unit change
in contrast (Shapley 1990, p. 639). As contrast increases, so does the response of both
magnocellular and parvocellular neurones. Shapley and Perry (1986) point out that the
contrast gain in X cells of the cat, and M cells of the monkey is high, whereas the

contrast gain of cat Y cells and monkey P cells is low. As contrast increases, the
responses of the magnocellular cells increase quickly up to approximately 25% contrast.
At this point, the magnocellular response appears to saturate, and further increases in
contrast result in little change in the transient system response. Transient system activity
at this point is approximately 60 impulses per second. The parvocellular response to
increases in contrast however, is more linear, with a more gradual but continual increase
in activity over contrast, with maximum activity at high contrast, reaching only
approximately 20 impulses per second. A psychophysical demonstration of this
relationship is shown by Bowling, Lovegrove and Mapperson (1979). Bowling et al
investigated visible persistence - a measure of sustained activity- under different contrast
conditions. They demonstrated that visible persistence decreased with increasing
contrast, reflecting the increasing dominance of transient system activity. However, as
contrast levels continued to increase, the visible persistence measure became independent
of contrast, reflecting the saturation of transient system activity at higher contrast.
Similarly, Burbeck and Kelly (1981) demonstrated contrast gain patterns, by measuring
the threshold of a vertical grating presented on a horizontal grating at different contrast
levels. They found high contrast gain measures with low spatial and high temporal
frequency displays. Conversely, lower temporal frequencies and higher spatial
frequencies were associated with lower contrast gain patterns - a finding consistent with
the transient/sustained dichotomy discussed above. Young and Kennish (1993) have
furthermore demonstrated this contrast gain pattern in transient and sustained
components of the pupillary response.
Contrast gain therefore, appears to be higher for magnocellular cells, than for
parvocellular cells. Iildeed, Shapley (1990) suggests that magnocellular sensitivity is up

to eight times higher than that of parvocellular cells. However, although the contrast
gain is higher for magnocellular cells than for parvocellular cells, at any one contrast
level measure, the difference in sensitivity between magnocellular and parvocellular cells
decreases with decreasing contrast. For example, at high contrast levels, magnocellular
cells will be around 8 times more sensitive than parvocellular cells, at around 20%
contrast, the difference in sensitivity between magnocellular and parvocellular cells will
be somewhat less than that, while at around 5% contrast, there will be little difference
between transient and sustained activity. Therefore, the contrast sensitivity associated
with transient system activity will be more pronounced at higher contrast levels.
However, this difference will change more rapidly at lower contrasts, because of the
higher contrast gain demonstrated by transient neurones at low contrasts.
The contrast gain pattern is furthermore dependent on mean retinal illumination.
Purpura, Kaplan and Shapley (1988) demonstrated that, at high luminance levels, the
common contrast gain pattern is that magnocellular cells are generally more sensitive
than parvocellular cells. While the activity of parvocellular cells increases proportionally
to contrast, the activity for magnocellular cells begins to saturate at about 25% contrast.
At low luminance levels however, magnocellular cells are still more sensitive to contrast
than parvocellular cells, although for both magnocellular and parvocellular cells, there is
little increase in activity over contrast. For magnocellular cells, an increase from 0 to
60% contrast, at a mean luminance of .36 Td results in an increase in activity of only
approximately 5 impulses per second, while for parvocellular cells, at a mean retinal
luminance of 1.3 Td, an increase from 0 to 60% contrast results in no increase in activity.
The functional implications of this finding for magnocellular activity, are that any effect
of contrast found at low luminance levels will be increased at high luminance levels. For

example, at .36 Td, the increase from 5% to 50% contrast results in a corresponding
increase of about 3 to 10 impulses per second. At high luminance levels, the same
increase in activity is associated with only about a 3% increase in contrast. Therefore, in
studies of transient system response to contrast, it is important to take into consideration
the overall retinal luminance of the displays. Contrast gain for both types of cells will be
higher at photopic levels than scotopic levels. Furthermore, parvocellular neurones
appear to contribute little to vision at low luminance levels, indeed, Shapley (1990, p.
651) suggests "...these results might mean that spatial vision under scbtopic conditions
would be dependent onMcell

signals".

10.1.2 Contrast Sensitivity Function
The contrast sensitivity function (CSF) reflects the change in sensitivity to contrast over
spatial frequency (Sekuler & Blake 1985). The human CSF is a nonmonotonic function
with maximum sensitivity to spatial frequencies around 4 cycles/degree. The CSF for
magnocellular and parvocellular cells has been investigated by manipulating chromatic
gratings and luminance gratings (e.g., Mullen 1985). Results have demonstrated that, at
low spatial frequencies, a lower contrast sensitivity is associated with luminance gratings
compared to chromatic gratings. However, at lower contrast sensitivity levels, the
luminance system is more sensitive to higher spatial frequencies than the chromatic
system. At the contrast sensitivity cut-off point for the chromatic and luminance gratings,
the average subject is able to resolve approximately 7 cycles per degree with the
chromatic gratings, but approximately 27 cycles per degree for the luminance gratings.
Therefore, above .3 cycles per degree, the luminance system is more sensitive than the
chromatic system.

The matrix displays, used in the metacontrast studies in this thesis, subtend a visual angle
of .3 degrees. However, the matrix unit consisted of smaller pixel dots, thereby
constructing a high spatial frequency target. However, this is consistent with Williams et
al (1991) who used a target of 0.12 degrees width, and 0.5 degrees length.

10.2

The EITect of Contrast and Luminance on Metacontrast

A review of the metacontrast literature (refer Appendix 4) reveals few consistencies
regarding the effects of luminance or contrast on the nature of the metacontrast function.
The contrast measures discussed in the previous section would predict that photopic
conditions and high mask contrast levels would result in stronger transient-on-sustained
inhibition, and masking therefore, would decrease with decreasing contrast. This pattern
would, however, become more unstable at lower contrast levels and/or scotopic
conditions.
Few experiments can be compared directly, because of differences in stimuli and
response criteria. Nevertheless, a number of studies suggest that a decrease in mask
contrast and/or luminance does indeed resuh in a decrease in the metacontrast function.
This pattern was demonstrated in one of the first comprehensive studies on metacontrast.
Alpern (1953) in Experiment A, varied the luminance of contrast inducing patches
(masks) from a highly photopic 3000 to . 1 fL - well into the scotopic range. As mask
luminance decreased, so did the degree of metacontrast, such that at 3 .6 and 0.1 fL (the
dimmest masks) no masking was observable. Corresponding to this decrease, was some
suggestion of a shift to the left of the function; maximum masking was at approximately
125 msec for the brightest mask (3000 fL), 100 msec for the next two brightest masks
(1700 fL and 360 fL), and then 75 msec for the 36 fL and 11 fL masks. Stewart and

Purcell (1974), initially used a target detection task, and similarly demonstrated that
metacontrast decreased with decreasing mask luminance, even when the mask
luminances were all in the photopic range (100, 83, 66.5 and 50 cdW). However,
contrary to Alpem, the point of maximum masking had a tendency to shift to the right
with decreasing mask luminance. In Experiment 4 of their paper, Stewart and Purcell
further demonstrated that metacontrast decreased when the mask luminance was 50
cd/m^, compared to 100 cdW in both a target detection task, as well as a target
recognition task. Rogowitz (1983), varying mask contrast from 58 % to 10%, similarly
demonstrated that metacontrast decreased with decreasing mask contrast, however there
was no detectable shift in the point of maximum masking with changes in mask contrast.
Contrary to these results, Bernstein, Proctor, Belcher and Shurman (1974), using
brightness rating judgements, found that type B metacontrast ftinctions decreased with
brighter displays. However, there are a number of confounds in this experiment; for
example, the researchers varied both the luminance of the target and mask. Rogowitz
(1983) demonstrated that a decrease in target contrast results in an increase in
metacontrast masking - the reverse to that found with a decrease in mask contrast.
Furthermore, brightness conditions were co-varied with stimulus durations such that the
brightest displays also constituted the shortest display signals, while the dimmest displays
corresponded to the longest display signals.
Shifts in the location of the point of maximum masking are sometimes associated with a
decrease in the luminance of overall display conditions. Matteson (1969), using a
brightness comparison task at four levels of surround illumination (29000, 2500, 210 and
24 Td), found that for Subject 2, the point of maximum masking was at 75 msec for the
high luminance condition, and 50 msec for the low luminance condition. Similarly, Lyon,

Matteson and Marx (1981) and Gilden, Macdonald and Lasaga (1988), using the same
target discrimination task, found a shift to the left of the point of maximum masking with
dimmer displays. Lyon et al, used target and mask stimuli of 80 c d W and 60 c d W
respectively, whereas the T/M luminance used by Gilden et al was only 17.1 c d W . The
resulting delays for the point of maximum masking were 50 msec for Lyon et al, and 30
msec for Gilden et al. However, the contrast values were reversed in each of the
experiments, such that Lyon et al presented bright displays on a dark background, while
Gilden et al used black displays on a white background.
The resuhs from these studies suggest that a decrease in mask contrast or luminance
results in a decrease in metacontrast, while a decrease in the luminance of overall
viewing conditions appears to result in a shift to the left of the function. This is
consistent with the effect of red on the transient system, and slowing down transmission
speed. If the above results are to be equated with the colour results demonstrated by
Williams et al (1991), then it would suggest that red masks may be associated with lower
contrast levels, while blue masks may be associated with higher contrast levels, thereby
suggesting, that Williams' colour effects may be explained in terms of contrast
differences.

10.3

Blue / Blur and the Relationship with Contrast Reduction

Williams et al (1987) conducted a visual search task with SRDs and controls, in which
the subjects were required to detect a target - the letter "Z" within a 18 X 6 letter array
in which the distracter letters were either featurally similar or dissimilar. Initial studies
found that SRDs were significantly slower than controls in detecting the target. The task
was then repeated with the visual arrays blurred with a frosted acetate film, thus

removing the high spatial frequencies from the array. This condition resulted in little
difference for the controls from the clear condition. However, the SRDs demonstrated a
significant improvement in performance when the search arrays were blurred. These
results were initially interpreted by the researchers to suggest that it was the removal of
the high spatial frequencies that was the important factor in re-establishing the temporal
precedence of the transient system for the SRDs.
Williams et al (1995) conducted a similar visual search task, manipulating both contrast
and spatial frequency by image processing. They presented subjects with target letters in
1 8 x 6 letter arrays in 4 different contrast conditions; unfiltered, low pass, high pass, and
low contrast. They found that for SRDs, search speed was lowered compared to the
unfiltered condition only, with the low contrast condition. They subsequently concluded
that the important consequence of the original image blurring studies was that of contrast
reduction, rather than the reduction in spatial frequency, as originally suggested.
Williams et al (1992) investigated the effects of image blurring and colour on reading
performance. They presented subjects with, red, blue, or white blurred text on a black
background in three different temporal conditions; words presented one at a time in the
centre of the screen, words presented one at a time in a moving window fashion from left
to right, and thirdly a full line reading condition. In the white-blurred vs clear condition,
the blurred condition significantly increased performance for the free eye movement
condition in SRDs, whereas the clear condition decreased performance in the same
condition. This contrasts with normal readers who demonstrated a decrease in
comprehension with the blurred condition in the free eye movement situation.
Interestingly, when investigating the colour effects, they found that for both the normal
and SRD subjects, the blue condition gave the same results as the blur condition, that is

for normal readers the blue condition decreased reading performance while for SRDs the
blue condition increased reading performance.
From these studies it is possible to connect a few threads of research. Williams et al
(1992) found that image blurring had the same effect on reading performance as using
blue displays. Williams et al (1995) demonstrated that the perceptual effect of image
blurring was actually due to the associated reduction in contrast, and not spatial
frequency. It is plausible then, that the effects on reading comprehension with blue and
blur, found by Williams (1992) may also reflect a reduction in contrast, rather than any
inherent component of blue light or blurring. Furthermore, this relationship may be
similarly reflected in other psychophysical studies, such as metacontrast.
Williams, Weisstein and LeCluyse (1990) investigated metacontrast in blurred and clear
conditions, for normal and SRD subjects. They found that for SRDs, blurring resulted in
an increase in accuracy at low I Sis, and that the dip in the metacontrast function shifted
to the right. In normal readers, in the same condition, the dip in the metacontrast
function shifted to the left, toward lower ISIs. In the same series of experiments, the
above researchers also investigated metacontrast and colour with SRDs and normal
subjects. They found that for SRDs, in the blue condition, the dip in the metacontrast
function shifted to the right, and appeared to increase, parallelling the shift to the right
found with the blurred condition. However, with normal subjects, the blue condition
similarly resuhed in a shift to the right, and again increased, opposite to that found in the
blurred condition for adults, which was a shift to the left, and therefore opposite to that
predicted if the same mechanism were underlying both the blue and blur conditions.

Looking at normal reading adults, Williams et al (1991) similarly found that the dip in the
metacontrast function shifted to the right and increased with a blue coloured mask,
compared to a red or white mask.
Therefore, addressing the question regarding whether or not the same mechanism
(possibly contrast) may underlie both blue and blur, it is possible that this may be the
case for blur, as it has been demonstrated that the blur effects, in fact reflect contrast
reduction, and not spatial frequency reduction. The effects with blue are, however, not as
simple. The same effects found with blur have been paralleled with blue displays for
SRDs in reading comprehension and metacontrast. However, with normal subjects the
blue effects match the blur effects only for reading comprehension. In metacontrast, the
effect found with blue is opposite to that found with blur, making it more difficult to find
a single factor to accommodate both sets of results. Furthermore, the results are opposite
to that obtained with contrast studies; the contrast studies reviewed in section 10.2,
indicate that a decrease in contrast is associated with a decrease in metacontrast. If a
single underlying factor were in play with blur and blue, such as contrast reduction, a
decrease in the metacontrast function with a blue mask would be expected, rather than
the increase found by Williams and her colleagues. Manipulating colour, therefore, may
in some circumstances inadvertently manipulate contrast. Therefore, given the sensitivity
of the metacontrast function to contrast, it is possible that the colour differences
demonstrated by Williams and colleagues regarding the metacontrast function, may in
fact reflect contrast differences between the coloured masks.

10,4 Experiment 8
Aims and Objectives
If there is some common underlying factor between the processing of blue light and
spatial frequency reduction, such as a reduction in contrast, then it would be expected
that the increase and shift to the right in the metacontrast function obtained by Williams
et al (1991) with blue masks, may be replicated by using lower contrast masks. However,
results from psychophysical studies, and metacontrast studies that manipulated mask
contrast, would predict a decrease in masking with decreasing contrast masks.
Furthermore, if the study is conducted under photopic conditions it would be expected
that any effect of contrast manipulation would be accentuated.
Method
Subjects

Subjects were again selected from the 1 st year Psychology course

at Wollongong University. Eleven subjects participated in the experiment. The results for
two subjects were eliminated from the analysis, one for ceiling effects, and the other for
failing to comply with the experimental procedure. All subjects participated in all
conditions. None of the subjects had participated in any of the previous metacontrast
experiments.
Apparatus

The experiment was conducted on the same equipment, and under

the same conditions, as the RT, TOJ, and apparent motion experiments. The method by
which isoluminance was determined, was also consistent with previous experiments. The
target was white on a black display (RGB (0,0,0), < .01 cdW), and consisted of the

same configuration as that used in Experiments 1 to 4. The mask displays consisted of a
pair of squares, measuring .8 cm by .8 cm. Each mask square was striped with two light
and two dark grey components, such that the contrast definition of the masks depended
on the composition of the light and dark components. In the previous metacontrast
studies of this paper, the mask consisted of white dots on a uniform black background.
The mask pattern was a version of Williams et al (1991), modified to be more consistent
(in for example, size) with the masks used in the previous metacontrast experiments in
this paper. It was adopted, because of the greater ease in calculating space average
luminance in a striped pattern compared to a dotted one.
Each mask was separated from the target by .7 cm (.25 degrees visual angle), and the
entire target and mask sequence appeared 2.3 cm (.6 degree visual angle) either above or
below the fixation point. An example of the display is represented in Figure 10.1. Each
target or mask square subtended 0.3 degrees visual angle. Viewing distance was 153 cm.
Three mask conditions consisted of a high, medium, and low contrast mask, the
specifications of which are presented in Table 10.1.

Fi2ure 10.1

A representation of the displays used in Experiment 8.

Mask Type
High Contrast
Medium Contrast
Low Contrast

2 cycle/degree mask
light component dark component

24.2 cd/m2
19.6 cd/m2
14.2 cd/m2

.3 cd/m2
4.9 cd/m2
10.9cd/m2

Contrast
(%)

98
60
13

Space Average
Luminance (cd/m2)

12.25
12.25
12.55

The luminance and contrast specificationsfor the three mask conditions
in Experiment 8.
Table 10.1

Procedure

The practice trials for each experimental procedure were the same

as those in Experiments 1 to 4. Baseline threshold for the 3rd set of practice trials was
set at between 80% and 90% correct. Threshold was achieved by manipulating the
luminance of the target. The target luminance value was initially set at 16.2 c d W for
each subject. Luminance values for the target, in order to achieve baseline, could only be
decreased. The average target luminance was approximately 10 cdW, however this
value varied from subject to subject. Target and mask durations were set at 17 msec to
coincide with the screen refresh rate, as were the I SI conditions, which consisted of; 0,
17, 34, 51, 68, 102, and 136 msec. Each experimental procedure followed the previous
metacontrast experiments, and consisted of 6 blocks of 100 trials; 60 delay presentations,
200 mask condition presentations, with each cell presented 20 times. Mask condition
was blocked between cells. This differs from previous metacontrast studies presented in
this paper only in setting the upper limit on target luminance, and blocking mask
conditions. This latter point is, however, consistent with Williams et al (1991).

Results
Data for each subject was collected and analysed according to the methods used in
Experiments 1 to 4. The results shown in Figure 10.2 suggests that, as predicted,
masking decreases with decreasing contrast. A 7 by 3 (7 delay conditions, 3 mask
conditions) ANOVA was conducted on the data which revealed a significant effect of
contrast F(2,16) = 4.38, p < .05, a significant effect of delay F(6,48) = 16.22, p < .001,
and a significant contrast by delay interaction F(12, 96) = 1.93, p < .05. It is possible that
the significant interaction, is due to relative shifts in the location of the metacontrast
function; it could be suggested, that there is a trend for the location of the dips to move
to the right with increasing contrast. However, the "W" shaped function obtained in the
low contrast condition, makes this c()nclusion merely speculative. It is more likely, that
the significant interaction is a result of the W-shaped function produced by the low
contrast mask. The cause of this function is not clear, and the standard deviation
associated with this delay condition is consistent with the standard deviations associated
with all other cells (refer Appendix 3), suggesting that it is an effect consistent over all
the subjects. It is possible that it is the result of some experimental artefact, nevertheless,
a significant quadratic component was obtained F = 13.93, p < .05. Polynomial contrasts
were run on the other two mask conditions, and further demonstrated a significant
quadratic component for both the high contrast mask F = 52.881, p < .001, and the
medium contrast mask F = 22.13, p < .001.

17

34

51

68

85

119

153

Stimulus Onset Asynchrony (msec)

Figure 10.2

Relative accuracy over delay for high, medium, or low contrast masks in

Experiment 8.

Conclusion
The following discussion is not designed to make clear explanations or predictions
regarding the nature of the metacontrast fiinctions, but rather to highlight the number of
difficulties associated with both generating and replicating computer-based images. It is
possible that the truth lies somewhere in a combination of the following factors, all of
which are easily confounded even by the most experienced experimenter, rather than any
one problem resulting in the metacontrast differences.
As predicted, progressively decreasing mask contrast resulted in a corresponding
decrease in the metacontrast function. Williams et al (1990) and Williams et al (1991)
suggested that an increase in transient activity was reflected in an increase in the
metacontrast masking function with progressively shorter wavelength masks. This result
has clearly been replicated in this series of metacontrast experiments, not with colour,
but with contrast. An increase in the extent of the metacontrast masking function has

been demonstrated with progressively higher contrast masks, rather than progressively
longer wavelengths.
These results suggest possible confounds between colour and contrast, as presented on
CRT displays. There are a number of factors which may have contributed to this
confound.
The first of these are physiological factors, and involve the environmental conditions
under which the experiment was conducted. The use of a light room ensures that both
transient and sustained cells are operating at their optimal level. However, the use of
very low contrast displays ensures that the transient system will be more sensitive to the
displays. Furthermore, at very low contrast levels, small differences in contrast are going
to reflect disproportionately larger differences in responding, due to the higher contrast
gain associated with lower contrast levels. Indeed, Williams et al (1991) measure
luminance values between 1.2 and 3.4 c d W . While these differences appear minimal, it
is possible, that these may have translated into larger contrast differences in the visual
system, and together with the technical limitations to be discussed below, that they may
have contributed to a colour/contrast confound.

10.4.1 When Luminance Measures do not Reflect What the Eye Sees
The ability to exactly replicate the conditions under which a single experiment is
conducted is difficult, if not impossible. The experimenter is required to take into
account any number of technical, environmental, and personal factors that may
contribute to any deviation from the results. The following is a brief review of some of
the technical factors alone, such as computer/monitor differences, and luminance
measures which may contribute to result discrepancies between experiments.

Section 5.1.2.1 of this thesis discusses some of the problems associated with using
psychophysical measures as an indication of equiluminance, and the situations in which it
appears to break down (e.g., Schiller & Colby 1983; Logothetis, Schiller, Charles &
Hurlbert 1990). Indeed, Cole, Hine and Mcllhagga (1993, p39) suggest ''...although an
equHuminant stimidus may be identifiedpsychophysically, many himinance cells may
still respond to that stimulus owing to an unequally weighted L- and M- cone input into
those cells.'\ while Cavanagh, Adelson and Heard (1992) point out that luminance
measures vary dramatically with factors such as retinal eccentricity.
Similar instability is apparent with technical equipment. Travis (1991) suggests that
stimuli presented on a CRT screen are highly unstable. Non-uniformity of the voltage of
phosphor guns across the computer screen ensures that luminance is non-uniform across
the screen. Display characteristics further vary with changes as trivial as computer
orientation or location. Harris, Makepeace and Troscianko (1987) review the problems
associated with CRT-generated displays. For example, they point out that CRT displays
are subject to factors such as; phosphor based distortions, changes in luminance across
the screen as a result of geometrical distortions, nonlinear relationships between screen
contrast and spatial frequency, ambient temperature factors, warm-up times and
weaknesses in amplifier performance. Travis (1991) further points out that computer
colours are completely dependent upon the chromaticities and relative luminances of the
three computer phosphors, such that colours produced on one computer screen, are non
generalisable to other screens®

® Idealy, detailed specifications regarding the spectral characteristics of the monitors used in the current
experiments should reported. Such specifications should include at least the characteristics of the
phosphors, gamma functions, and CIE coordinates. While a large amount of research was conducted by
the author into administrating such measurents, ultimately, neither the technical equipment, nor the
manafacturers specifications were available to sufficiently conduct such assessments.

Problems are similarly involved in the measurement of luminance. The average
photometer (indeed luminance measuring devices for at least the last 60 years) are based
on the standard photopic luminosity function (Wyszeki & Stiles 1967). The majority of
the standard luminosity function can \oe modelled on the sum of L and M cone responses
only (Vimal, Pokorny, Smith & Shevell 1989), or in other words, the luminance channel.
If we equate the luminance channel with magnocellular system activity (refer Chapter 1),
we cannot explicitly say that what the photometer measures is what magnocellular cells
respond to. Indeed, if it is accepted that short wavelength light does not contribute to
luminance information (e.g., Eisner & MacLeod 1980; Verdón & Adams 1987), we must
also recognise that isoluminance between colours, as measured by a photometer, may not
equate to equal magnocellular responses when there is any short wavelength light present
in the display. Furthermore, the photopic luminosity function is standardised by CIE
colour space (Wyszeki & Stiles 1967; Cornsweet 1970). MacLeod and Boynton (1979 p
1183) point out that the necessary scaling from an appropriate 3D array to a useable 2D
array, as used by the CIE colour space, would make serious deviations in terms of

luminosity "'the equilateral triangle diagram would deviate seriously from aplane of
constant luminance. An undesirable consequence would he that, for colour of equal
luminance, equal distances along a straight line in a diagram would respond to unequal
changes in cone excitation:'. These deviations would be particularly profound at the
short wavelength end of the spectrum, as the blue dimension of the scale is adjusted, in
terms of its luminance component, to be proportional to the M and L wavelength lights
(MacLeod & Boynton 1979; Boynton 1986). It is a result of problems such as these that
led Boynton and colleagues to adopt a system of colorimetry, based on cone excitations
(e.g., Boynton 1986).

As mentioned from the outset, the list of problems presented above are in no way
designed to provide an explicit explanation of the differences in metacontrast functions
found by Williams et al (1991) and the results found in this series of metacontrast
studies. A direct explanation of result differences would only be possible by comparing
the exact computers, monitors, situations, timing cards, environments, measuring
devices, programs, and subjects, between experiments. Needless to say, such a
comparison is prohibitive in the least, and very probably no more enlightening. Rather,
the above points are designed to provide an illustration of the difficulties involved in
replicating computer-based designs. Based on the above analysis, it is not inconceivable
that discrepancies between Williams' studies and the current ones may be partially due to
technical factors, which would suggest a consideration of more highly controlled studies,
in which wavelength rather than colour is manipulated. This was one of the initial aims of
this series of experiments, but became beyond the capacity of this thesis. However, when
it is necessary to explore such detail in order to explain data discrepancies, then the basic
premises of these results fail to be met. If the effect under question - the effect of blue on
transient system activity - is dependent upon any, or a combination of the above factors,
it would suggest that the effect demonstrated by Williams et al (1991), of blue light on
transient system activity as measured by metacontrast, is not robust, and is highly
situation-specific. Its use therefore, as the basis for remedial applications in such a
diverse population as SRDs, remains questionable, as does its theoretical significance.

It was never clear how blue information was to directly contribute to changes in transient
cell activity. The transient system ha^ been hypothesised to be a neural substrate for the
transmittance of luminance information, such that transient activation is the result of

summing R and G cone inputs only, while B cones have little or no input into luminance
information. If then, differences are found on transient system activity with blue light, it
can only be the luminance/contrast value of this light, rather than its wavelength
component, that contributes to the effect. Furthermore, It is easy, very easy, to
inadvertently confound colour and contrast, based on technical limitations alone, when
using computer-generated CRT displays.
The present experiment produces resuhs consistent with Williams' colour data with
metacontrast. While not conclusive, it does however suggest a possible explanation in
terms of a colour/contrast confound.

CHAPTER 11
GENERAL CONCLUSIONS AND FINAL THOUGHTS
At least two neural systems carry visual information to the brain. One of these, the
transient system has traditionally been considered colour insensitive (Kruger 1979;
Hicks, Lee & Vidyasager 1983; Livingstone & Hubel 1984; 1988). A number of both
physiological and psychophysical studies have provided evidence to suggest that activity
in the transient system may be decreased by diffuse red light (e.g., Wiesel & Hubel 1966;
De Monasterio & Gouras 1975; Derrington, Krauskopf & Lennie 1984). Furthermore,
recent studies have suggested that activity in the transient system may also be increased
and accelerated by short wavelength blue light. These findings have formed the basis for
a large amount of remedial work with SRDs, many of whom are hypothesised to have a
transient system deficit underlying their reading problems.
Despite the implications for remedial work with SRDs, together with the fact that the
recent results are apparently incompatible with historical research in the field, which has
indicated no effect of blue light on transient system activity, no extensive research has
been conducted to investigate how, or why transient system activity is affected by blue
light. Indeed Martin, Mackenzie, Lovegrove and McNicol (1993, p. 141) point out;

''Speaking simply, no one yet knows how or why coloured lenses or coloured overlays
affect the visual system, and more importantly, no one has yet shown how or why they
lead to an improvement in reading, if in fact they do.'\
The research conducted in this thesis was designed to explore the differential effects of
red and blue light on transient system activity given the lack of historical supporting data,

and the significant amount of academic and financial resources being utilised for remedial
purposes with reading disabled children.

11.1 A Brief Summary of Experimental Results
Williams et al (1990) and Williams et al (1991) report metacontrast studies in which the
masking function becomes increasingly stronger, shifting to longer delays with
progressively shorter wavelength masks. The metacontrast studies in this thesis were
designed to replicate this pattern of results, generalising them over a larger, naive
population, and different experimental conditions and apparatus.
The first important consideration in these metacontrast results, is that, in all the
metacontrast experiments, a significant U-shaped component was demonstrated. This
indicates that our baseline measure was maintained in all conditions, and it was only the
manipulation of this function that was unsuccessful.
The clear quadratic component found in Experiment 1 established that the nine - dot
matrix design adopted from Hogben and Di Lollo (1984) produced a strong
metacontrast function. Adding a second mask, resulted in clear disinhibition, as
predicted. This metacontrast pattern was to be replicated in each subsequent
metacontrast experiment, indicating the use of a robust paradigm upon which clear
predictions and conclusions could be made.
Experiment 2 differed from Experiment 1, as initial analyses revealed Type A masking,
such that accuracy and delay formed a positive linear relationship. The target and mask
were of equal energy, indeed were the same displays as those presented in Experiment 1,
This result therefore, is difficult to resolve in terms of the transient/sustained paradigm
which suggests that the mask must be of a higher energy than the target, in order to

obtain Type A masking. Further analysis of percent correct scores, rather than baseline
measures, revealed a nonmonotonic masking function, and a significant main effect of
colour. However, the pattern of results is not entirely obvious, and the results do not
clearly support the hypothesis. It is suggested that the increase in brightness of the
background (and subsequent reduction in target/background contrast ratio) contributed
to this result.
The results obtained in Experiment 3 offered a suggestion of the predicted decrease in
masking with a red mask, however this difference was not significant, and no other
observable differences were apparent from the data. It was suggested that
methodological considerations between the current and previous metacontrast studies
may have contributed to the lack of colour effects.
Experiment 4 was designed to address the methodological issues raised in the previous
experiments by re-adopting the same paradigm used in Experiment 1, as well as
conducting the experiment under both light and dark conditions. The combined analyses,
revealed no significant main effect of colour. The individual analyses however, revealed
that the dark condition did indeed produce a significant effect of colour, with a
significant decrease in masking with the red mask. The results from this study, together
with results from other laboratories (e.g., Edwards et al 1996) suggest that an effect of
colour is most clearly revealed in darker room conditions, with a bright display.
Furthermore, this colour effect appears only to extend to red light with a decrease in the
extent of the function, and no horizontal shift in the point of maximum masking.

In conclusion, in three metacontrast studies utilising colour, two studies suggested the
predicted effect of a decrease in masking with red light, while it was clearly significant in

another study. In only one metacontrast study was there a suggestion of an increase in
masking with blue light, however this result was not significant. Similarly, Experiment 7,
utilising apparent motion on different colour backgrounds, failed to show any significant
effect of colour.
Furthermore, in no case was there the predicted, consistent change in the speed of
responding characterised by red or blue light. This was demonstrated in the metacontrast
functions, as well as in the visual reaction time^ and temporal order judgement tasks.

The general conclusions from this series of experiments, is that it may be demonstrated
psychophysically utilising metacontrast, that red light has a small but demonstrable effect
in reducing the extent or degree of transient system activity under ideal psychophysical
conditions. However, this result is not reflected in the speed of transmission in transient
cells. The same psychophysical conditions however, failed to show any effect of blue
light on transient system activity.

11.2

The Effect of Colour on Transmission Speed in the Transient System

Williams et al (1990) and Williams et al (1991) using a red, green, and blue mask report
a shift in the metacontrast function towards longer delay conditions with decreasing
wavelength. They conclude from this result that red and blue light differentially affects
the speed of transmission in transient channels, such that blue light increases
transmission, while red light decreases transmission.
In no case in this series of metacontrast experiments, was there a consistent horizontal
shift in masking correlating with any one wavelength. Furthermore, such a result has not
been observed in other measures of metacontrast. For example, Breitmeyer and Williams

(1990) varied the background colour of the target and mask sequence and found a
decrease in masking with a red background, but no horizontal shift in the masking
function. Similarly, Edwards et al (1996) using similar displays as those in this series of
metacontrast experiments on either a red or white background, demonstrated a decrease
in the metacontrast function with red light, but no horizontal shift in the function.
In addition to the metacontrast results, the TOJ and RT studies, which were designed to
explore the temporal characteristics of the system, also failed to demonstrate any change
in processing speed with wavelength.
The results in this study, together with resuhs from other metacontrast studies
manipulating colour, do not appear to provide evidence to support the prediction that
blue and red light differentially affect transmission speed in transient channels as
demonstrated by metacontrast.

11.3

Validity of Metacontrast functions

A number of studies have reported colour differences with the metacontrast design
(Breitmeyer & Williams 1990; Breitmeyer et al 1991; Williams et al 1991; Williams et al
1992). In light of the metacontrast functions obtained in this series of experiments, it is
not clear that the resuhs in at least two of the above studies reflect a traditional Type B
metacontrast fiinction. In the current series of experiments, all type B functions revealed
a significant quadratic polynomial. The disinhibition condition from Experiment 1
revealed the smallest U-shaped function, with values of-6.5%, -13 .5%, and 1.5%
recorded at short, intermediate, and long SOAs. Furthermore, the quadratic polynomial
component was not significant. Breitmeyer et al (1991) used a target discrimination task
and found resuhs corresponding approximately to 71%, 65%, and 80% when the target

was red on a green background, and 78%, 79% and 88%* when the displays were green
on a red background. Both these functions reveal results that are comparable, or less,
than the curvature demonstrated in the disinhibition condition of Experiment 1. It would
therefore, be reasonable to assume that the quadratic polynomial would not be significant
in these conditions. Similarly, Williams et al (1992) in testing reading disabled children
have the min, max, min point of masking at approximately -7, -2, 0; -2,-10, 1; and -9, 9.5, 0, for the red, blue and white conditions respectively. A similar result is revealed
with normal readers. Based on the results obtained in the current series of experiments, it
would be reasonable to suspect that in none of these cases would the results show a
significant quadratic component, indicating that an interpretation of a Type B
metacontrast function may not be consistent with the results. These leaves three
experiments; Williams et al (1991), Breitmeyer and Williams (1990) and Edwards et al
(1996) (one of these; Breitmeyer & Williams (1990) is a measure of contrast reduction,
not target discrimination), of the remainder, only one; Williams et al (1991), has shown a
horizontal shift with wavelength. Furthermore, it is this experiment that has also
singularly demonstrated a change in the metacontrast function with blue light.
The metacontrast studies presented in this thesis demonstrate only a significant decrease
in the metacontrast function with red light. This is compared with a single clear
metacontrast study demonstrating differential wavelength effects. This would suggest
that the conclusion endorsing the differential effect of wavelength on transient activity
may be premature. However, given the results obtained by Williams et al (1991) were
robust enough to be demonstrated by three different subjects over two different spatial
frequencies, it would appear reasonable to assume that some other clear visual
• Due to the difficulty in distingiushing the point of maximum masking, these three points were taken at
typical max, min, max masking points of 0, 50, 120 msec SOA.

manipulation such as contrast may be a consistent contributing factor ^ . This point was
discussed in the previous chapter, and will be further reviewed below in section 10.5.

11,4

Implications for Transient System Phvsiolo2V

It is an aim of psychophysical experimentation to find a sensible marriage between the
results obtained with human subjects psychophysically, and physiological results
determined anatomically. In other words, there should be some basic relationship
between how we behave and how we are constructed.
Researchers of psychophysics such as Williams and her co-workers have suggested,
reasonably enough on the basis of their results, that transient system activity is increased
by blue light and attenuated by red light. This conclusion was based on observations in
psychophysical measures such as metacontrast, visual TOJ and visual RT. The latter of
these propositions (the attenuation of transient activity with red light), is backed by
sound physiological evidence. It is, however, with the former (the increase in transient
activity with blue light), that the apparent incompatibility between physiology and
psychophysics arises.
With regard to the effect of red light on transient system activity, the question regarding
how magnocellular cells are affected t)y red light has been answered on a number of
occasions using direct cell recordings (e.g., Wiesel & Hubel 1966; De Monasterio &
Gouras 1975; Schiller & Malpeli 1978; Hubel 1988). Some magnocellular cells have a
receptive field structure that demonstrates inhibitory responses to diffuse red light.
Furthermore, this effect is robust enough to be demonstrated many times

^ Several attempts were made by the author to attain the original programs used by Williams et al
(1991). However, while the software itself was acquired, documentation was not provided, and the
hardware configuration necessary to run the programs correctly was unobtainable.

psychophysically (e.g., Breitmeyer et al (1991); Breitmeyer & Williams 1990; Edwards,
et al 1996) and indeed was both implied and demonstrated in this current series of
experiments. One of the issues originally under investigation in regards to the effect of
red light on transient activity, concerned the nature of this colour and/or wavelength
effect. These questions moved beyond the scope of this thesis and will be discussed
below with regard to some avenues for further research.
The proposition that blue light increases magnocellular cell activity has, in comparison,
little or no historical supporting evidence. Indeed the indication that psychophysical
measures were appropriately disrupted by blue light appeared to be evidence enough to
the psychophysicists, and in no case was the question regarding how magnocellular
activity was increased by blue light, addressed. This was the second major question that
was to be addressed in this thesis.
Psychophysical and physiological studies fail to provide an explanation as to how
magnocellular activity is increased by blue light. M-cells and magnocellular cells are
considered to be the anatomical substrate of luminance information (e.g., Lee, Pokorny,
Smith, Martin, & Valberg 1990; Lee, Martin & Valberg 1989) an assertion supported by
Kremmers, Lee and Kaiser (1992) using both anatomical and physiological measures.
Short wavelength cones in general do not contribute to luminance information (Eisner &
MacLeod 1980; Tansley & Boynton 1978).
Of the cells recorded by Wiesel and Hubel (1966) and later by Kaplan et al (1990) it is
the Type IV cells of the ventral layers of the LGN that are most consistent with
magnocellular cells. The researchers report no effect on cell activity with short or
medium wavelengths.

Therefofe, the anatomical evidence suggests that magnocellular cells cannot be affected
directly by blue cone input or by blue light as evidenced by some of the following
observations: Magnocellular cells form the substrate for luminance information and,
therefore, do not receive blue cone input. Direct cell recordings have not demonstrated a
change in cell activity with blue light, and some researchers (e.g., De Valois & De Valois
1975) have argued directly whether magnocellular cells receive blue cone input (ahhough
this last suggestion has been debated, Derrington, Krauskopf & Lennie 1984).
The original prediction in this thesis was that if blue light does affect transient activity, it
does so as a result of a compensatory effect from the removal of red light (refer Chapter
7). Indeed it has been suggested (e.g., Cavanagh., MacLeod & Anstis 1987), and
discussed in Chapter 1, that any contribution of blue cones to the luminance pathway
must be through red and green cones. However, the results obtained in this thesis
suggest that there is no clear effect of blue light on transient system activity. These
results are more consistent with original physiological and anatomical studies.
Therefore, the general conclusions regarding transient system physiology, indicate that
the recent psychophysical studies suggesting that the transient system is essentially
colour sensitive, particularly to blue light, may be misleading. The current series of
experiments support the traditional view that transient cells are generally colour
insensitive, showing a decrease in activity only with red light.

11.5

Apparent EiTect of Contrast on Transient Activity

The comprehensive set of metacontrast studies conducted in this thesis failed to
demonstrate the predicted progressive increase in the extent of masking with shorter
wavelength stimuli. However, this pattern of results was demonstrated when the contrast

of the masks were manipulated, rather than the colour. In Experiment 8, the extent of
masking increased with decreasing contrast. This result suggests, that a confound
between colour and contrast may have been present in previous metacontrast studies,
which demonstrated differential effects of colour on metacontrast. Indeed, as discussed
above, it is unclear how it would be otherwise the case, as magnocellular cells appear to
form the biological substrate for the transmittance of the majority of luminance
information. Therefore, in the case where transient system activity is differentially
affected by visuo-spatial factors, the most parsimonious explanation is that they must do
so only by virtue of their luminance or contrast components.

11.6

Implications for Subsequent Research

It could be argued that the consistent null results demonstrated in this thesis appear to
have succeeded in closing some research chapters, rather than opening new ones, as the
research in this thesis suggests that the anticipated effect of colour on transient system
activity may be better explained as an experimental artefact induced by contrast
differences.
As with the majority of computer-based perceptual experiments, the technology
associated with such equipment is relatively unsophisticated when it comes to specifying
visual parameters such as colour. In order to make clear statements regarding the effect
of colour and contrast on transient system activity, a more refined technique should be
adopted. Such a technique has been designed by Graham Cole & Trevor Hine (e.g.. Cole
& Hine 1992; Cook, Hine pers comm), who have designed a computer and monitor
system that is able to specify luminance and colour values in CIE space as presented on
the computer screen. Adopting a technique such as this, together with a psychophysical

measure such as metacontrast would allow the investigation of the effects of specific
wavelengths on transient system activity.
In Chapter 9, it was suggested that a possible confound exists in visual latency measures,
between the colour, and saturation of visual displays. This prediction could be easily
measured, by using a hue substitution task, varying saturation, as indexed by different
RGB inputs to the stimulus colour. It is predicted that differences between the stimuli
regarding response times, may be dependent upon small saturation differences, even
when luminances differences are minimised.
A more applied research direction involves the use of contrast-mediated measures with
disabled readers. The results from the experiments in this thesis questions the viability of
colour or wavelength as an integral part of reading disability research. It does however,
initiate the intriguing possibility that contrast may be an avenue for research in alleviating
some of the difficuhies SRDs find in reading.

11.7

Good-Bve Farewell and Thanks for all the Fish

Extensive research using colour and psychophysical measures designed to reflect
transient functioning, have demonstrated that the effect of blue on the transient system is
highly situation specific and non generalisable, and may reflect transient cell responses to
contrast rather than blue light. These findings support original studies showing that the
transient system is relatively colour insensitive, and that the trend of using blue glasses
and overiays for remedial purposes with SRD's may be unprofitable, and that contrast
manipulations may be more important.
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APPENDIX 1

Experiment 1

Condition
metacontrast
(mean)
S.D
Disinhibition
(mean)
S.D

Delay 2 Delay 3

Delay 4

Delay 5

Delay 6

Delay 7

Delay 8

Delay 9

-15.375
18.464

-15.313
16.680

-26.375
18.392

-31.812
15.337

-25.438
17.041

-22.625
17.595

-10.938
16.352

-5.938
16.044

-7.667
11.475

-13.000
16.125

-12.667
14.984

-10.333
10.933

-7.333
10.154

-2.667
11.629

-4.333
13.610

1.000
16.818

Table 1.
Mean scores and standard deviations of mean scores relative to baseline at
each delay condition, for metacontrast and disinhibition in Experiment 1 (N = 16
metacontrast, N = 15 disinhibition).

Source of variation
Within Cells
Condition

36544.80
9070.32

Within Cells
Delay
Condition X Delay

18406.13
8121.08
2789.39

Table 2.

SS

DF

MS

F

29
1

1260.17
9070.32

7.20

.012

203
7
7

90.67
1160.15
398.48

12.80
4.39

.000
.000

ANOVA table for Experiment 1.

Sig ofF

Experiment 2

Condition
Red
(mean)
S.D
Blue
(mean)
S.D
Grey
(mean)
S.D

Delay 2

Delay 3

Delay 4

Delay 5

Delay 6

Delay 7

Delay 8

-21.950
26.168

-21.250
19.979

-23.150
25.997

-19.350
19.730

-7.500
26.435

1.850
16.881

8.050
14.095

-27.45
24.097

-26.850
18.251

-20.550
24.682

-15.000
22.771

-11.300
23.882

-11.800
19.158

-1.200
16.058

-22.450
26.984

-18.050
20.187

-31.150
23.038

-14.950
19.744

-12.450
22.830

-5.000
21.873

-4.300
16.899

Table 3.
Means and standard deviations of the means scores relative to baseline
(Delay 1) at each delay condition for each coloured backgromidfor the metacontrast
condition in Experiment 2 (N = 20).

Condition
Red
(mean)
S.D.
Blue
(mean)
S.D
Grey
(mean)
S.D

Delay 2

Delay 3

Delay 4

Delay 5

Delay 6

Delay 7

Delay 8

-20.650
27.077

-30.100
17.985

-29.400
25.180

-21.250
18.186

-6.850
17.352

-6.900
17.909

-1.250
19.697

-23.000
29.483

-24.850
24.308

-23.700
20.640

-21.100
22.079

-11.800
25.403

-1.150
16.525

-8.100
18.258

-25.150
19.770

-30.200
21.596

-18.950
20.482

-16.350
22.990

-10.800
22.943

-3.350
28.629

.250
25.451

Table 4.
Means and standard deviations of the mean scores relative to baseline
(Delay 1) at each delay condition for each coloured background for the disinhibition
condition. Experiment 2 (N = 20).

SS

DF

MS

F

Sig o f F

Within Cells
Colour

37668.80
1536.06

38
2

991.28
768.03

.77

.468

Within Cells
Delay

26034.35
36124.89

114
6

228.37
6020.82

26.36

.000

Within Cells
Colour X Delay

59943.94
4886.54

228
12

262.91
407.21

1.55

.108

Table 5.

ANOVA table for the metacoritrast condition in Experiment 2

Source of variation
Within Cells
Colour

SS
73301.11
220.41

DF
38
2

MS
1928.98
110.21

F

Sig o f F

.06

.945

Within Cells
Delay

32149.65
38015.11

114
6

282.01
6335.85

22.47

.000

Within Cells
Colour X Delay

61129.92
3165.89

228
12

268.11
263.82

.98

.465

Table 6.

ANOVA table for the disinhibition condition in Experiment 2

Condition
Red
(mean)
S.D.
Blue
(mean)
S.D
Grey
(mean)
S.D

Delay 1 Delay 2 Delay 3 Delay 4 Delay 5 Delay 6 Delay 7 Delay 8
87.7
81.5
72.15
79.650
57.7
60.3
58.4
55.2
15.264

11.\

18.305
49.65

23.422
50.25

23.069
57.2

19.743
62.1

21.022
65.8

17.389
65.3

13.91
75.9

17.256
82.1

1111^
59.65

19.485
64.05

24.799
50.95

19.692
67.15

22.902
69.65

18.843
77.1

17.871
77.8

16.917

24.864

14.058

20.104

18.746

21.32

17.332

17.047

Means and standard deviations of the mean scores correct
at each delay condition for each coloured background in Experiment 2 (N = 20).

Table 7.

F

Sig ofF

Source of variation
Within Cells
Colour

SS
11335.89
3738.53

DF
38
2

MS
298.31
1869.26

6.27

.004

Within Cells
Delay

33933.28
47577.35

133
7

255.14
6796.76 26.64

.000

Within Cells
Colour X Delay

63541.58
5294.67

266
14

238.88
378.19

.084

Table 8.

1.58

ANOVA table for Experiment 2, for mean scores correct.

Experiment 3

Condition
Red
(mean)
S.D.
Blue
(mean)
S.D
Grey
(mean)
S.D

Delay 1

Delay 2

Delay 3

Delay 4

Delay 5

Delay 6

Delay 7

Delay 8

-11.386
14.683

-15.105
13.507

-12.263
16.145

-13.789
14.589

-9.211
16.009

-9.211
13.567

-7.211
14.203

.000
10.929

-7.947
12.497

-15.211
9.903

-17.105
14.464

-16.474
13.566

-16.368
12.518

-14.632
12.859

-5.737
12.440

-3.895
11.421

-4.632
13.052

-14.105
11.770

-19.000
17.259

-14.158
14.225

-16.526
11.988

-14.789
18.051

-8.526
10.308

-6.526
13.053

Table 9.
Means and standard deviations of the mean scores relative to baseline
(Delay 9) at each delay condition for each coloured mask in Experiment 3 (N ^ 19).

Source of variation
Within Cells
Colour

SS
16462.53
612.8

DF
36
2

MS
457.29
306.4

.67

.518

Within Cells
Delay

20437.69
8387.39

126
7

162.20
1198.2

7.39

.000

Within Cells
Colour X Delay

26880.31
1902.36

252
14

106.67
135.88

1.27

.224

TablelO.

ANOVA table for Experiment

3

F

Sig o f F

Experiment 4

Condition
Red
(mean)
S.D.
Blue
(mean)
S.D
Grey
(mean)
S.D

Delay 1

Delay 2

Delay 3

Delay 4

Delay 5

Delay 6

Delay 7

Delay 8

-5.905
10.583

-10.571
14.288

-10.381
15.197

-14.000
12.454

-18.429
15.108

-13.286
11.420

-7.524
8.454

-2.286
10.631

-9.619
11.187

-16.857
14.022

-18.952
12.820

-20.524
13.344

-21.571
13.227

-14.857
12.877

-12.238
10.079

-7.571
10.500

-11.048
11.338

-19.714
15.418

-21.286
14.192

-20.333
11.421

-20.333
13.158

-16.619
11.209

-11.238
9.077

-4.095
9.853

Table 11.
Means and standard deviations of the mean scores relative to baseline
(Delay 9) at each delay condition for each coloured mask, for the dark condition in
Experiment 4 (N = 21).

F

Sig o f F

Source of variation
Within Cells
Colour

SS
16848.03
2956.63

DF
40
2

MS
421.20
1478.32

3.51

.039

Within Cells
Delay

14746.06
12248.44

140
7

105.33
1749.78

16.61

.000

Within Cells
Colour X Delay

21483.75
1006.25

280
14

76.73
71.88

.94

.520

Table 12.

ANOVA table for the dark condition in Experiment

4

Condition
Red
(mean)
S.D.
Blue
(mean)
S.D
Grey
(mean)
S.D

Delay 1

Delay 2

Delay 3

Delay 4

Delay 5

Delay 6

Delay 7

Delay 8

-10.333
11.992

-18.067
17.487

-19.800
14.8^6

-18.933
8.697

-23.600
13.292

-9.733
10.773

-9.533
7.230

-3.067
9.490

-10.400
12.129

-21.400
17.225

-23.200
16.201

-27.067
17.552

-25.667
12.630

-16.533
14.272

-9.600
11.667

-1.600
9.627

-5.000
12.484

-22.667
16.821

-24.133
14.192

-24.400
13.819

-20.133
11.401

-11.733
12.669

-6.667
9.108

-1.667
9.363

Table 13.
Means and standard deviations of the mean scores relative to baseline at
each delay condition for each coloured mask, for the light condition in Experiment 4 (N =
15).

Source of variation
Within Cells
Colour

SS
13737.74
547.76

DF
28
2

MS
490.63
273.88

.56

.578

Within Cells
Delay

13845.07
21524.34

98
7

141.28
3074.91

21.77

.000

Within Cells
Colour X Delay

12068.74
1287.09

196
14

61.58
91.93

1.49

.116

Table 14

F

Sig ofF

ANOVA table for the light condition in Experiment 4

APPENDIX 2
Mean
S.D.

red
blue
197.029 192.176
29.152 27.419

Table 1.

Mean and standard deviation scores for visual reaction time data in msec
for each of the different coloured display conditions.

SS
within cells 49157.55
colour
2445.28
Table 2.

grey
green yellow white
194.559 195.088 201.912 191.441
24.276 25.635 37.342 27.144

DF MS
F Sii?F
165 297.92
5 489.06 1.64 .152

ANOVA source table for Experiment 5

grey green yellow
blue
red
Mean 27.250 27.500 28.125 24.688 26.875
S.D. 13.567 13.241 10.732 14.174 15.794
Table 3.
Mean and standard deviation scores for visual temporal order judgement
data in msec for each of the different coloured display conditions.

within cells
colour
Table 4.

SS
6184.35
110.05

DF
60
4

MS
103.07
27.51

F

SigF

.27

.898

ANOVA source table for Experiment 6

Condition
Red
(mean)
S.D.
Blue
(mean)
S.D
Grey
(mean)
S.D.
Green
(mean)
S.D.
Yellow
(mean)
S.D

Delay 1

Delay 2

Delay 3

Delay 4

Delay 5

Delay 6

Delay 7

1.7
1.494

6
3.333

8
2.055

12.8
2.573

13.4
3.026

14.9
4.306

16
3.496

2.5
1.9

4.7
3.057

9.4
2.951

12
2.539

14.1
3.281

14.8
2.821

15.8
3.259

1.8
1.476

5.8
3.36

9
3.859

11.8
3.676

14.4
2.675

16
1.414

16
3.399

3.1
3.071

6.8
3.676

9.6
3.627

11.5
2.273

13.7
3.057

15.4
1.838

16.6
3.204

3.4
3.273

5.8
4.104

8.4
3.718

11.6
3.026

12.9
3.281

13.8
3.327

14.8
3.011

Table 5.
Mean and standard deviation scores for each of the delay and colour
conditions in the apparent motion experiment. (N = 10)

SS

DF

MS

Source of
variation
Within Cells
Colour

354.15
28.82

36
4

9.84
7.2

Within Cells
Delay

1024.01
7471.14

54
6

18.96
1245.1
9

Within Cells
Colour X Delay

942.57
102.86

216
24

4.36
4.29

Table 6

ANOVA table for Experiment 7

F

Sig o f F

.73

.576

65.66

.000

.98

.491

APPENDIX 3

Condition
High
(mean)
S.D.
Medium
(mean)
S.D
Low
(mean)
S.D

Delay 1

Delay 2

Delay 3

Delay 4

Delay 5

Delay 6

Delay 7

-20.667
16.148

-39.889
14.365

-43.889
16.811

-32.111
17.475

-32.778
9.298

-12.444
14.214

-12.111
13.299

-13.889
13.851

-36.889
12.394

-33.333
15.692

-35.333
13.629

-24.778
15.746

-23.444
16.141

-9.111
6.092

-11.556
17.671

-27.222
18.164

-18.000
12.258

-27.333
11.456

-14.222
10.378

-8.000
16.643

-4.222
16.154

Table 1
Mean and standard deviation scores in the different contrast mask
conditions for each delay condition in Experiment 8. (N = 9)

F

Sig of F

Source of variation
Within Cells
Contrast

3S
9093.07
4981.12

DF
16
2

MS
568.32
2490.56

4.38

.030

Within Cells
Delay

8337.67
16907.76

48
6

173.7
2817.96

16.22

.000

Within Cells
Contrast x Delay

10522.04
2535.10

96
12

109.60
211.26

1.93

.040

Table 2

ANOVA table for Experiment 8

APPENDIX 4
Autlwr

TiiÄk

Alpem (1952)

Brightness comparison task

comparison standard = 10.6 ft-L
Masks = 3000, 1700, 360, 110, 36,
11, 3.6.1 ft-L

Fehrer & Smith (1962)

1/target = 01, .025, .05, .08, .1
ft-L
Target & Mask fields = 5 ft-L

Erickson & Collins (1964)

1/ accuracy opf detection at
different luminances
Grey or black discs or rings
were used - black on white
DV = target detection
Letter recognition

Ericksen & Collins (1965)

Letter recognition

Mayzner, Blatt, Bauchsbaum,
Priedel, Goodwin, Kanon,
Keleman, Nilsson (1965)

Letter recognition

Weisstein & Haber (1965)

Discrimination task - letters

Weisstein (1966)

Letter recognition

Kolers (1962)

Reswlt

Black displays on white
background
Mask & target fields = .772
apparent ftc
Black displays on white
background
Mask & target fields = .772
apparent ftc
Luminance of test field = 9.4 ftL
(different mask sizes)

Field luminance = 9.4 ft-L
Black displays on white
Contrast = 95%
Target & mask field illuminated at
9.4 ftL

TypeB
Masking decreased with
decreasing luminance, i.e.
no masking found with 3.6
or .1 ft-L
Type A

Dip LocatlfHi fjf Tjpt»
B
~110 msec at the
highest luminance, to
-75 msec at lower
luminance levels

Type A, masking increased
with decreasing contrast
Type A

Type A

TypeB

TypeB

TypeB

- 2 0 msec for both
mask sizes,masking
decreased with .05
degree ring, compared
to .25 degree
30 msec
(% error)
50 msec (41etters
4positions)
20 msec (lletter
4positions)
(masking decreased

Erickson, Collins &
Greenspoon (1967)

Letter recognition

Matteson (1969)

brightness comparison

Stewart & Purcell (1970)

Black letters on a black
background

Cox & Dember (1971)

Target detection

Weisstein (1971)

Lefton (1973)

Bernstein, Proctor, Belcher &
Shurman (1974)

Stimuli were black on white
letters had contrast of ~ 96% with
ground
Test fields were .5 apparent ftc.
4 levels of surround lumination;
29000, 2500, 210, 24 Td
Letter contrast ratio =12%
Adaptation, target, ISI & masking
fields = 10 ft-L

Black stimulus on white
Scotopic conditions
Target field luminance = 20 or 60
fL
disk-disk T/M
Mask = 16 fL
Magnitude estimations of
Target energies of; 204.8, 128,
completeness of mask
51.6, 32 or 16 (fLXmsec)
(energies determined by varying
target luminance and/or duration)
Location detection
Black on white displays
Varied intercontour distance Luminance of target stimuli = 2 fL
and mask duration
Brightness ratings

Type A

also)

Type A for SI
Type B for S2

75 high lum
50 low lum
(log trolands)

TypeB

30 msec at all temporal
locations
(% correctO
20 msec for light or
dark ISI's

mean detection was higher
for the 20 fL condition at
both ISIs (0, 50 msec)
Type B - Masking flattens
with a decrease in target
energy

Varied luminance and duration of
T/M
bright/short = 63cd/m2, 15 msec
med/med = 31.3 cd/m2, 30 msec
dim/long = 15.75 cd/m2, 60 msec

Type A
function decreased with
increasing intercontour
distance
No effect of mask duration
TypeB
all conds
fimction decresed with
brighter displays (or shorter
displays)

2/ T/M = bright^right,
dim^right, bright/dim, dim/dim

Type A
Little diff between mask

~ 50 (delta t)

60 msec for all conds
(area under ROC
curve)
Pooled function = 100
msec

Stewar & Purcell (1974)

1/ Target detection
2/ Detection v's recognition

bright = 30 cd/m2
dim = 20 cd/m2
target luminance =16 cd/m2
Surround = 66.5 cd/m2
Mask = 50, 66.5, 83, or 100 cd/m2
Scotopic conds
2/ masks either 50 or 100 cd/m2

Growney (1976)

Brightness estimation

Lefton & Newman (1976)

Target detection

Bernstein & Fisicaro (1977)

Brightness discrimination as
"bright", "medium" or "dim"

Lefton & Hernandez (1977)

Merikle (1977)

Different Dvs
1/ accuracy
2/ duration threshold
3/ category esimations
Target = B/W square wave
gratings
Discrimination - remember
target letters

Luminance source for all channels
= 50ftL
Different masks - luminance
distribution varied accross the
mask stimulus
Black on white displays
Luminance of the background of
all fields was 50.2 cd/m2, 12.5,
3.16, .25cd/m2

3 target luminances;
bright-###cd/m2
medium - ### cd/m2
dim - 25 cd/ni2

luminance
Type B at all mask conds flattened with decreasing
mask contrast
2/ Type B - masking
increased for both masks
with the 100 cd/m2 mask
Type B - masking decreased
with increasing spatial
separation

Type A Less masking in .25 cd/m2
cond, no diff between other
conds
(target duration for correct
detection)
TypeB
Type A for the weakest mask
energy (-1.6 log units)

Mask energy was .0, -.2, -.4, -.8, 1.6 log units referenced to the
highest stimulus energy
Background luminance of stimuli
= 50.2 cd/m2

Field luminane = 68cd/m2
Black on white displays

6.6 msec; 83% &
100%
13.3 msec; 66.5%
20 msec; 50 %
2/ Individually selected
values of SOA
~ 80 msec with all
spatial separations

60 msec for the
brighter masks (.0, -.2)
120 msec for the
dimmer masks (-.4 & .8)

(percent accuracy)

TypeB

100 msec (mean %
correct)

100 msec - 100msec
exposure
60 msec - 50 & 25
msec exposure
Arand & Dember (1978)

Detection threshold

5 Luminance levels used;
.5, 2.5, 5, 10, 20 fL.

Stober, Brussell & Komoda
(1978)

Brightness and clarity
estimation

Target lum = 20cd/m2
Mask lum = 30 cd/ni2
black fixn field = . 1 cd/ni2

Bridgeman & LeflF (1979)

Apparent brightness
estimation

target & mask luminance of 54.5
ft-L, background luminance was
18.5 ft-L, contrast ratio of 2.94:1

Threshold (Msec) was
higher for higher luminance
levels
TypeB

Type A for all target and
mask sizes and eccentricities

Foveal; SI = -30 msec
for contour estimation,
60 msec for brightness
S2 = 60 msec contour,
45 brightness
Peripheral; SI = 75-90,
40 msec T/M duration,
60 msec for 8 msec
duration
75-90 contour, 40
msec, type A contour 8
msec.
~40 msec for the
smallest size and ~ 80
msec for thelarger
sizes (some differences
between the 2 S's)
(apparent brightness)
At small displays the
dip was at 40 msec.

Lehmkukle & Fox (1980)
Ventura (1980)

Landolt C
Brightness rating

Lyon, Matteson & Marx

Target discrimination -

Target luminances = 0, 5.8, 9.6,
16.1,27.1,45.2, 76.1 cd/m2
Mask luminances = 76.12 cd/m2
Background mask lum = 2 cd/ni2
Bright figures on dark

Type A
TypeB

Generally Type B for all

~ 60 msec for all
sessions (function
flattened out with
increasing # of
sessions)
Generally around 50

(1981)

chopped circle

Breitmeyer, Rudd & Dunn
(1981)
Rogowitz (1983)

Apparent contrast judgement
of target
Detection of sine wave
Ratings
Different SF masks with;
1/ - 5/ targets increasing in
SF
Contrast with 3cpd target &
mask

Burr (1984)

Apparent reduction in
masking compared to a
standard

background.
Test luminance = 80 cd/ml
mask luminance = 60 cd/m2
(foveal or parafoveal
presentations)
Black disc on white surround - 30
cd/m2 with a contrast of 95%
Mean luminance of each pattern =
21.5 ft-L.
Otherwise dark room.
Unmasked detectability - 9 3 %
contrast.
Mask contrast = 51%
Contrast exp - Mask; 10 - 58 %
contrast
Target; 16 - 43 % contrast
Photopic
Target contrast ~ 33%
Displays = 500 cd/m2
Background = 250 cd/m2

Hogben&DeLollo(1984)

Breitmeyer & Williams (1989)

discrimination task - chopped
circle.
Mask - structure?
Target contrast rating

Breitmeyer, May & Heller

1/ Target visibility ratings

Gilden, MacDonald & Lasaga
1988

scotopic conds.
Black on white displays.
T&M luminance = 17.1 cd/m2
Black on White displays
Contarst = 95%
Background luminance = 4.0
cd/m2
Red, green & white
Coloured displays - 7.5cd/m2

eccentricities

msec - some variation
between subjects

TypeB

40 -80 msec depending
on subject

1/ - 5/ Type B SF dependent
contrast - mask; Type B
flattens with decresing mask
contrast

~ 50 msec for all mask
contrast conds

Contrast - target; Type B
flattens with increasing
mask contrast

50 msec for 16 % cont
75 msec for 25 & 40 %
cont.

51 - Type B
52 - Type B

SI -30- 75 msec
S2 - ~ 40 msec
(average rating)

TypeB

Type A for SI
Type B for S2

80 msec sifted to 50
msec with practice and
then flattened
completely with more
practice
30 msec
(proportion incorrect)

TypeB
Less for red background
compared to green or white

60-80 msec for all
subjects and all
colours.

Brightness rating - Type B

25 - 35 msec

(1991)

Williams, Breitmeyer,
Lovegrove & Gutierrez (1991)

2/ Forced choice
discrimination
discrimination task - slash
orientation

Discrimination - Type B ?

(brightness rating)
7

Red, blue, green or white target
Photopic conditions
Luminance values 1.2-3.4 cd/m2

Type B for all colours
Function increased from red
through green to blue.

(percent correct)
Red - 60 msec
Blue -150 msec
Green -150 msec
White 120 msec
(relative accuracy)

Table 1
A review of the metacontrast literature, indicating task criteria, luminance variables, and changes in the location of the
point of maximum masking.

